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Introduction to the whole Art, 


[Contaiain many uſeful Geometrical Definitionsand Pro- 
blems; The Doctrine of Plain and Spherical Triangles ; 
Plain Mercator, and Great: Circle Sailing; Sundry uſe- 
ful Problems in Aſtronomy ; 'The Uſe of Inſtruments; 
The Azimuth-Compas and Ring-Dial. The Fore 
Staff, Quadrant, and NoCturnal ; The Plian Scale, 
Gunter's Scale, Plain. Chart, Mercator's-Chart, both 
Globes, and Virtues of the Loadſtone. Uſeful Table 
of the Moon's Age, of the Tides, of the Sun's Place, 
Declination, and Right Aſcenſion ; of the Stars Right 
Aſcenſion and Declination ; The Latitude and Longi- 
tude of Places, and a Table of Meridional Parts; Like 
wiſe a new Trayerſe-Table, and the Uſe thersof in 
keeping a Reckoning at Sea: Alſo a Table at 10000 
Learns, and of the Logarithm Sings, Tangents| 
and Secants, e 
All carefully CorreQed with many uſeful Additions. 


By J ON Q ELLER) Hydrographer to theking 


LONDON: _ + 


Printed for T. Page, W/; and F Mount, in Hüter M, on 


BOOKS of Navigation- Privied % Themal Page, 


a» 
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William and Fiſher Mount, 


« H Coating Pilot for England, Beet lend. Holland, . 
T The R. Pilot for the Chara, ng Pilot for the Set, 
TheErg. |'{1nt tor the Nortbern Navigation, = 
The Eng. Pilot for the “. Indies, Eng. Pilot for the F. Indies, [ 


Sea-Atlaſs, — of the 8. Coaſt of the whole World, 
The Mariners New Ralendar. By Natbaniel Colſen, | 
The Mariners Magazine. By Capt. Samuel Sturmy Fello, 


The Seamans Kwlendar, By Henry Phillips, 25 


The Seamans New Kalendar, By William — 
The Seaman's Practlee. By Richard Nor wecd. 
Norwoed's Doctrine off Triangles, applied to Navigation, : ; 
PraQical Navigation ; or, an Introduction to the whole Art, 

The whole Art of Navigation, By Capt, Daniel Newbouſt, 

A Light to the Art of Gunnery, By Capt. Thomas Binning, 8 
A wyſtem of the Mathematics, containing the Eucledian Geo- 4 
metry, Plain and Spherical Trigonometry 3 the Projection of the & F 
Sphere, Aſtronomy, the Uſe of the Globes and Navigation : The 1 
Manner of Computing the Appulſes of the n to the Fixed 4 
Sui; New Solar Tables, with their Conſtruction and Uſe, Tables 4 
of the Sun's F lace, Right Aſcenſion, Declination, Equation of 58 = 

Natural Days fur every Four Years; Ce. and a Catalogue of the 
Right Aſbenſions, Deelinations, Cc. of the moſt Eminent Fixed f 2 


Stars: Deduced from the Flamftedian Obſervaticns, The Conſtruc- 


tien of the Meridional Parts, Logarithms, Sines, Tangents, and 

Secants : With an Acconnt of the Cycles, Periods, Epocha's, Epatte, 

Kalendars, &c. : 1 
Alſo, a Table of Meridional fur t- for every Degree and Minute 

of Latitude to the Ten Thouſandth Place in Decimals, calculated 1 


de Nowo 4, with u Table of the Latitudes and Lenaitudes of Places; 
the who'® beiny deſigned for the Uſe of the Mae it ca! School, 
founded by Ring Charles II. in two Vol, By James Hodgſon, 
Navigation New og ell d. By Henry Wilſon ; | 
The Compleat Modelift, or Art of Rigging; ſheiing- how to raiſe [- T 
the Model of any Ship; and to find the Length and Bigneſs of » & 
every Rope, with the „ e thelr Anchors and Cables, 2 
The Boatſ\aly's Att ſhewing the Art of Rigging any Ship, We, 
The Compleat Shipwright. By Edwin. Buſh s 
The Ship Bulldefs Affiſtance. By William 
74 Ship- Wright and Mariner, | 
The Seamnk Glulk, with the Uſe of the Plain-Seale in Navigation: 8 = 
Sea-Cunhers Companion, By Capt: Ruf,... 
An Epltotiie of the Whole Art of 4 enhtalifing an eaſe tes [fl 
 thodlen! Way ty becbme 4 em pfent 1 tür. By jm = 
h Une ng 3 
G % (8 
Web's Fpitome bf 0 um With Addons 
Trier Ce Recife 
Arithineticnl Trignnomerry: By Mark 
Key ig aim any Algebra, By J. Feen. 
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MARINERS 


Great Britain and Ireland, 


GENTLEMEN, | 


| HIS Book was fir omen by Mr. ſohn Seller, and very 
11 much Enlarged y Mr. John Colſon, decea d, who taught Navi. 
gatton for min) Tears in London, and has been much Eſteemed by the 
Lovers of the Art, of Navigation, as has appeared by the many Im. 
preſſians Sold off, And being informed that there were very many and 
conſiderable Errors in ii, occaſioned by often Printing; and that the 
whole wanted 4 Reviſe, I have therefore had it overlook'd, corretted, 
and amenard, and added what was defective; and renew'd the Tables, 
which by length of Time were worn out , and for the Tables of Loga- 
rithms, Sines, and Tangents, there has been ſuch great Care and. 
" Pains taken in correcting and amending them, that I may juſtly Re- 
# commend them, as the, moſt Correit\extant, All which we hope will 
| oblige the Ingenions Mariner, and Enconrage the Learner of the. 

Att of Navigation, into whoſe Hands it /b J coe. 
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On the Pads / Nougat of my very good Friend the Auth 
ane Ton (kind Sir) 1 have perus d . 


ich Arguments of an Ingenious Mind 


= That for our good your Talent will miſt hide, > 8 TIE 


But build a Light houſe Mariners to guide. 1 
What others have in mighty Volums done, res An 
Tou neatly here haye concluded all in one; | 
Yet is your Book to no great Volumn grown, 
Tho' — with large Additions of your own. 
Por me to praiſe your Work, might be my blame, 
Fearing my Meanneſs might Aifpraiſe the ſame: 
Lou want not learned Pens, in lofty Verſe, 
- Your well-deſerved Praiſes to Rehearle, | 
Mean Artiſts, Men Obſcure (and ſuch am I) Wa 
Ought twiſh and pra y for your Topo rity, ar 
Yet Ge fir fas Fly humble Mu Leeni * 422 
The Country. Oak Pi = drown the Flajelet $. 
And 'tis but fitti h your Pains in this * 
To City and to any uſeful is) ; 
That City Poetry and Country Lays 
With joint Conſent ſhould eccho forth ou ue Projfe, FE; 
Who doth peruſe your Work, ſhall ſurely find; 
The Subject handled well, and well def an'd, | 
You much have done in little: Here we find, | * 
What in thi Art may rg 1 cufious Mind, 
The = excepted : But it we 
Your Rules are obtained it may be 
For uſe ſufficient 4 but the ſame to get, 
Witch certaint 111 not diſcoyered yet, 
hg rare fre if that ary can 
Make plainly out, Jon du be the Man. 
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The Contents,” 6 
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a C H- A P. I, | 
A Preliminary Diſcourſe of Navigation and Arithmetick, 4 


5 ECT; I. 07 the Preliminar) Diſeonr ſe of Navigation, * 


4A N (that uſeful Part of the Mathematiht) . 
tes a Science which has been highly valued by Ar 
eſpeelally Sy opt Anceſtors of this Hand f it being indee 
"all the Beauty and Bulwark of Eng/ardzthe Wall and Wealth 
of Britain, 1 the Bridge that joins It to the U Univerſe: * 


Ws It towfiſts of two general Parts N. 
Ft, 1 which may be called the By * ot more t Ne... 
vigation, ( mean, Cos 


pls 1 L 


fiſhg or Bailing along the bers) I hits Part en- 
ae tend, as t @ 6h (ef Ilruments ; and ek 
1 Wy dudtien ot thi 


(hd, © refer you te the BOOK, eli, 5 


10 * Pile, deſeribing 1 6 864-Coalts, ; Capes Soundings, Sands, Wel 
o Angers ; the Hays, Roads e N bY \ Por f — 
— 322 pant 0 e World | Being 1 wit ny aid 
% and Deeriprions, 9 907 xienee * way fo 

Abs AVigaters | 0 Page an Mount, on Towern Hf 

Swondly, That whis 7 more! rap 1155 the Name, and * 
pally deſerves '” be 1. 1005 — * is that Part w__ 
guides ne Ship in her Gut ka ſana Ocean, to any Part | 


of the known World; which cannot be done unleſ it be determined in 
what place the Ship is at all times, both In reſpe& of Lau and Lows 
' gitnds 1 this bein whe principal Care of a Navigator, and the Maſter» © | 
Pie of Nautical Scones. 2 

To the commendable Accompliſhment of which Knowledge, theſe 
four Things are ſubordinate Requiſites ; 


of Arithmetick, | 
Viz. Geometry, +. 
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TRY E | Ms is” 
.  -:* 0 Naweretor.. *. 
Of the firſt of which (namely Arithmetick) I ſhall give you a brief 


Arithmetick is the Art of N umbering, from the Greek Word Arithmos, 


which ſignifies Number; and in it there are five eſpecial Parts, viz. Nu- 
meration, Addition, Subtraction, Multiplication, and Divifion, Ot which 


in order. 4 | 


SEO r. II. Of NUMERATION. 


Uneration teaches how to ſet down any Number ſpoken or propo- 


ſed; and to read it truly when written 
To which 357 you are to obſerve, That Numbers are commonly 
c 


expreſled by theſe Nine Figures. # 


NC 


RR 
One, Two, Three, Four, Five, Six, Seven, Eight, Nine, 
And o which is called a Cypher (and by ſome a Nought) becauſe of 


it ſelf it ſignifies nothing, = encreaſes the Value of other Figures that 
ſtand behind it; for every 


igure augments its proper Value according to 
the place it happens in, except the firſt: And are teckoned from the right 
hand unto the left (and the reaſon is, becauſe this Art of Numbering Was 
firſt taught by the Oriental Nations, whoſe Languages are read that way) 
ſo that the Figure that ſtands fartheſt to the right-hand, is ſaid to be in 


- ©® the brſt place, the next to that to be in the ſecond place, and ſo of the reſt. . 


Any of the nine Figures in the firſt place ſignifies only its ſingle Value 
in the ſecond place, as many Tens as its own fimple Value; in the thir 


place, ſo many Hundreds; in the fourth place, ſo many Thouſands , in 


the fitth place, ſo many ten Thouſands.; in the ſixth place, ſo many 
Hundred Thouſands ; and in the ſeventh. place, ſo many Millions; as 


may appear in this following Table. 


Units Mao ce. 0 O 80 


Hundreds % 
Thouſands - 2 W 
Ten Thouſands * % 5 Dh 
Hundred Thouſands * * ©.T 


Millions . 
Ten Millions 282 
Hundred Millions enn | 3p 


© The laſt Line of this Table is thus read, One hundred twenty abe 
#illions, four hundred fifty fix thouſand, ſeven hundred eighty 22 . 
. | | 


. . , 
1 | wh» % 8 Lat 
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ä ME « . 8 . 2 » 2 | hs 
/ Addition, * » - 8-7 
SEC T. III. Of ADDITION. 8 | * 
Ddition is the putting together of two or more Numbers into one 
Som, ſo that the total Value of them all may be diſcovered. "Ml 
Example 1. In Whole Numbers, . = 
Suppoſe there were a Squadron of Men of War of five Ships, I deman K 
(according to the quantity of Men in each Ship) how many Men ther 
is in the whole Squadron? | *.ad 
Aboard ot the biggeſt Ship there are 
Aboard another, — — 
Aboard another, 
Aboard another, »——— — — 
* Aboard the laſt, — — | 
There are in the Squadron— — — —1 70e 
To add theſe together, begin at the firſt row on the Right- hand, and 
ſay 8 and 2 is 10, ſet down © under the firſt ; then I carry the x (Which 
ſtands for 10 to) the next Row, and ſay 1 and 1 is 2, and 7 is 9, and 
6 is 15, and 5 is 20, then ſer down o under the ſecond Row, and carry 
the 2, which is 20, tothe next Row; and ſay 2 and ris 3, and 2 is 5, 
and 3 is 8, and 4 is 12, and 5 is 17; which 17 ſet down under the third 
Row, and the Sum is 1700, the Number of Men in the whole Squadron, 
Example 2. Of Pounds, Shillings, Pence. Ry 
- Now if you would know how much Money all the Captains Pay 
comes to for one Month 23 | 
Suppoſing that the Captain of the greateſt Ship hath /  ,, 4. 
* nnn — — 10 —00— 00 
The Captain of the other — 08 —10— 0. 
The Captain of the other — 07100 
The Captain of the other. ' ñ ͤ„Äñů3“‚ůęo4œè7õ 606 —10— 00 
| n _Z7—1o oo 
The Queſtion is, How much Money it amounts e l . d. 
for x Month? Anſwer — ——27—10—00 
To effect which you muſt begin at the Row of Pence, and ſeeing there 
is no Pence in the whole Row, you muſt ſet down 60 under the Row of 
Pence. Then Proceed to the Row of Shillings, and add up theShillingg  ® 
in that Row, which amounts to 30 Shillings, ſet down the 20 Shillings 
under the Row of Shillings, and carry the 20 Shillings, or 1 Pound, to 
the Row of Pounds, and ſay 1 and 5 is 6, and 6 ig and 7 is 19, and 
8 is 27, and 12 is 37, which 3 ſet down under che Row of Pounds: 
and the whole Sum amounts to Thirty ſeven Pounds, Ten Shilh | 


=p ; 
2 of all the Captains Pay for one Month. B 2 SECT; 7 
3 ; | „ | : 9 
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Of dubtrattion. 5 N 
810 r. IV. Of SUBTRACTION. 


* 


10nly called Subſtraftion) is a Rule that teaches how 
to take any leſſer Number out of a greater, ſo as to know how 


| ! 


much remains. 


1. Set down your greater Number, and under that your ſmaller, Units 


a ee under Tens, Cc. and in Money each Denomination 


anſwering to its kind, as Pence under Pence, and Shillings under Shillings, 


and Pounds under Pounds. | "= 
* 42. Draw a Line under them, and begin at the Right-hand, and take 


the Line. | 
3. If any Figure of the ſmaller Number happen to be bigger than that 


over it, then you muſt borrow a Unite from the next Place, or higher De- 
nomination, to be added to the leſſer Figure, ſubtraQing from that Sum, 
and ſubſcribe the Remainder ; which Unite muſt be added to the next 
Place, or Denomination to be ſubtracted; as will appear in the Example 


following. R 


Example. l s d 
Suppoſe I borrow — — — 1296 —15— 06 
And I paid at ſeveral I imer ——.—— 125 — 17—04 
There remains due — —— Io 


The Work is thus performed: Begin with the Row of Pence, and ſay 
4 from 6 ard there remains 2 ; then go to the Row of Shillings, and ſay 
17 from 15 I cannot take, then you mu ſt borrow 20 Shillings from the 
Row of Pounds; and ſay 17 from 35, and there remains 18, which 18 
ſet under the Row of Shillings : Then proceed to the Row of Pounds, 
and ſay 1 that I borrowed and 5 is 6, 6 from 6 there remains o, which 


2 from 9 and there remains 7, which 7 ſet under the ſecond Row, and 
proceed to the third Row, and ſay 1 from 2 and there remains 1; then 
is the Queſtion finiſhed and there remains 170 J. 18s, ad. unpaid. 


Number then is the Work right. 


. 


0 
L * 
1 * 


the leſſer Number out of the greater, and ſer down what remains under 


© ſet under the firſt Row of Pounds; and proceed to the next, and ſay, . 


a © 


* 


And the Queſtion ſtands thus, 1880 . 
Now to prove whether the Queſtion is truly 296— 15 8s 
_ - wrought, add the Remainder and the low-  125—17—04 
er Number together; and if the total of 170—18—o02 
that Addition be the ſame with the upper 296 —15—06 


„/ Multiplication? EY 
| 381. r. V. Of MULTIPLICATION. 
1. LUltiplication teaches how to increaſe the greater of two Numbers 
1 given. as often as there ate Units in the leſſer , and ſerves in- 
ſtead ot _ Additions 
2. In Multiplication there are three Parts, 
1. The Multiplicand, or Number to be multiplied, 
2. the Multiplier, or Number by which it is multiplied. 
3. The Product made by the Multiplication. 


 Multiplicarion Table. 


IQ ULI 
IEE 
8 [10 [12 14 15 
12 1% 18 21 

16 20 [24 28 32 36 
20 [25 [39 [35 l 4 
24 j30 Þ36 (42 148. 54 
28 [35 [42_j49 |56_63 


4 


nee. 
45 


| The Uſe of the foregoing Table. 2 
Note; That on the Top and left Side are placed the g Digits, which 
are to be multiplied one by another, and in the common Angle of meeting 
you will have the Product. 5 5 n 
Rage. Suppoſe I would multiply 7 times 9; look: on the left ſide 
of the Table for 7, and on the Top of the Table for 9, and in the An- 
gle of meeting (in the Column next the right Hand) you will find 63, . 
the Anſwer of the Queſtion, NE db AR © | 
THe #. 3-4 Queſtion 1. ; 4 
Suppoſe there are 1700 private Seamen in a Squadron of Ships; and 
they have 23 Shillings per Month; How much Money will pay ag. 1 
8 | 1 ' f A | | ” or 89 
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tor one Month? Set your Numbers thus, the — Number uppermoſt 
| 1700 Multiplicand. p 
23 Multiplier, - 
Fto0 - ys 
3400 


3 pros Shillings ; the Anſwer of the Queſtion, _ 
The Numbers being placed, as is before directed, begin thus, and ſay, 
z times a. is o, (et that under the 3, and proceed to the next Figure I 
the Multiplicand, and ſay again 3 times © is o; then ſet that o under 
the 2, and proceed to the next, and ſay, 3 times 7 is ar ; ſer down 
under the 7, and bear 2 in mind, and proceed to the next Figure in the 
Multiplicand, and ſay, 3 times 1 is 3, and 2 that I carry ia, ſet that 
down under the 1 ; then have you done with the firſt Produ& : Then go 
to the next Figure in the Multiplier, and proceed as you did before, and | 
the ſecond Product will be 3 400, which muſt be ſet down under the other, 
4 only with this Caution, to move it one place more to the left Hand, as ä 
i you may ſee in the Work ; then add thoſe two Numbers together, -and 
Lf the Product will be 39100, which are Shillings, the whole Sum of Wa- 
| ges tor 1700 Men for one Month | h 


; ; Example 2. 235 
1 In 235 Degrees, how many Minutes? 2 
15 - . Multiply the Degrees by 6o, the 
i Number of Minutes in one Degree. 14100 Minutes 


| g Note, For a Contraction in this Rule, if any Number is given to be 
44 * multiplyed by 10, 100, or 1000, it is but adding ſo many Cyphers to the 


| 1 Number given, and that will be the Produt As thus, 


If 232 be multiplied by to, it will produce 2320, by 100, 23200 


by 1000, it will be 232000, Cc. 2 | 
Or, If any Number be given to be multiplied by 20, 30,600,5009, Oc. 


| 0 r by the Figures, and add as many Cyphers to your Product 


; 


on the Right-hand as there is in the Multiplier, the Sum is the Product. 
Thus 257 multiplied by 700, the Product is 179900, Oc. | 
f 8 x c T. VI. Of DIV ISIUN, 
C 1] Tviſion teacheth to find how many times a leſſer Number is contain= 
ed In a greater, and ſheweth what remains, ſupplying the uſe of 
many Subtractlons, it conſiſts of three Parts, Dlviden iviſor and 
a Quotient, The Dividend is the Number to be divided, The Diviſor is 
| the Number to divide by, which is always leſſer than the Dividend : 
|] * The Quotlent is the Sum produced, by ſhewing how many times the 
| * Divifor is contained in the Dividend i And if any thing happen to remain, 


it {8 called the Remainder, | Example 1. 


* : 45 2 4 a 
N . gt . * A 


92 2 FT 1. * 

To divide 210 by 4, how much is the Quotient ? 

Firſt, Ser down the Dividend 250, at each end 40250062 
of which make a Scratch, as you (ee in the Mar- 14 

in, Then on the Left - hand ſer the Diviſor 4 (the — 

Scrarch on the right-hand being for the Quotient) - 8 
then (becauſe I cannot have the Diviſor 4 in the — 
firſt Figure of the Dividend 2) ſay how oft 4 in 3 


25, which becauſe there is 6 times, ſer s in the Quotient, and ſay 6 

times 4 is 24, which ſer down under the 25 in the Dividend, and by 
the common Rules of SubtraRion take 24 from 25, there reſts 1, which 
ſet down under the 2 and to that 1 bring down the o in the Dividend 
it makes 10, then {ay how oft 4 in 10, which becauſe I can have 2 
times, I ſet 2 in the Quotient, and (as before) ſay 2 times 4 is 8, 
which ſet under the 10, and ſubtracted trom it, the Jaſt Remainder is 2, ſo 
that 250 being divided by 4, the Quotient is 62 and 2 remaining, Ce. 

Examp. 2. Suppoſe 4684 Pounds be to be divided among 54 Men, 

How much is each Man's Share ? COVE: + 
| 54)4684(86 

3 

364 
1 


2 The Shillings in one Pound. 
800( 14: Shillings- 
5 


260 
216 


34 


- 


2 — 


wan The Pence in one Shilling. ] 
44 

74)s 8p Pence F 

| 1 4 Farthings In one Penny. Þ 
TI i We 
, "6,4 orj of one Fanthlag. 


; "or" n | 8 
. : +4 1 1 0 
4 1 4 | * a : % iy m4 : 
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in one Shilling, the Product 5 28 divided by 54, t 
and 42 remains, which 42 being multiplied by 


right, otherwiſe there la dme miſtake. | ,,, | 


: 1-37 oF” ' py 
* 7 * Wi. ' » 


. 
o 
. 


* 


Having diſpoſed ot your Numbers as directed Example 1. they will 
ſtand as you lee them; becauſe I cannot have 54 ＋ Diviſor) in 46 
(che two firſt Figures ot the Dividend) I ſay how ott 54 in 468, or (for 
the more Eaſe in working) how oft 5-in 46, which though I can have 
9 times and 1 remaining, yet becauſe I foreſee that I cannot have 9 times 


4 in 16, I take but 8 times, which I ſet in the Quotient; then ay 8 


times 4 is 32, ſet down 2 under the 8 in the Dividend, and carry 3, then 
ſay 8 times; is 40 and 3 is 43, which ſer down beſides the 2, as you 
ſee, then ſay 2 from 8 there reſts 6, which ſet down under 2, and then 


3 trom s there reſts 3 ; then to the 36 ſo found, bring down 4 the laſt 
Figure in the Dividend, and begin a ſecond Operation, ſaying how oft 5 


in 36, which you can have 6 times, ſet 6 in the Quotient, and ſay s times 
4 is 24, ſet down 4 and carry 2; and 6 times 5 is 30, and 2 I catry is 32, 
then 4 from 4 there reſts o, and 2 from 6 there reſts 4, and thus you have 
40 remaining at laſt, ſo that each Man's ſhare is 86 Pounds and 40 re- 
maining: Now to know the value of this 40 that remains (which in 
Fractions is <4 of a Pound) multiply 40 by 20 (the Shillings in a Pound) 
the Product is 800, which divided by 54 (the former Diviſor) the Quo- 


tient is 14 Shillings and 44 remains ; then — 44 by 12, the Pence 
e Quotient is 3 pence 


, the Farthings in one 
uotient is 3 Farthings 


penny, and the Product 168 divided by 54 the 
and 6 remains, which is only ,* of a Farthing. 

Note, In finding the Value of an y Fraction or Remainder in Diviſion, 

du always multiply the Remainder by ſuch a Number as the next leſs 
enominatlon is contained-in the greater (as in this Example) the firſt 
Remainder is 40, which becauſe the firſt Operation is Pounds, and I de- 
ſire to know the Value of that Fraction in Shillings, you multiply by 20 
the Shillings in one Pound, Cc. and always divide the Product by the 
firſt Diviſor which here is 54, as you ſee above, 

If your Queſtion had been in Hundreds, Quarters and Pounds, you 
muſt have multiplied your firſt Remainder by 4, the Quarters in one 
Hundred, and your next by 28 the Pounds In one Quarter, and ſo in any 
other Denomination, _ $1.40; 

Thus, if 4684 Pounds be divided amongſt $4 Men, each Man's 
ſhare appears to be 86 / 147 . | 1. i 

Note, That the beſt Proof of Diviſion is by Multiplieation, thus z mul. 
tiply the Quotient by the Divitor, and add the Remainder (if any be 
and if the Product be the ſame with the Dividend, then is the Wotk 
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S8 r. VII. Of the Rule of THREE. 
HE Rule of Three, for its exc ellene Uſe is called the Golden Rule, 

which teaches from three Numbers given, to find a fourth in Pro- 
portion thereunto, which is done by mult1 "ing the ſecond and third 
Numbers together, and dividing the Product by the firſt, and the Quo- 
tient of the ſaid Diviſion is the Anſwer of the Queſtion. 

As if 25 Tuns of Wine coſt 800 J. What ſhall 35 coſt ? 


Here Note, That the firſt Number and the third muſt always be of the 


ſame Denomination. As if one be Pounds, Pence, Yards, Tuns, Hours, 


Men, Cc. ſo reſpectively muſt the other be: And the like is to be under- 
ſtood by the ſecond and the fourth, as in the following Numbers, which 
are thus diſpoſed Tuns Pounds. Tuns. 


3 


This Rule is performed (after an apt diſpoſal of the Terms) by Mul- 
tiplication and Diviſion. But note, that this Rule hath two Varieties, 
viz. Direct and &e verſe. Now tor the proper diſpoſing the Terms in 
any Queſtion propounded, it is neceſſary to give a General Rule to know 


whether the Queſtion mult be wrought by the direct Rule, or the Re- 
verſe ; which is this: When in the Queſtion more requires more, or leſs | 


requires leſs : As in this Queſtion. . 

t 25 Tuns of Wine coſt 800 J. What will 35 Tuns coſt ? Here it is 
evident that the third Term is more than the firſt, and therefore requires 
more. So in this Queſtion : 


If 750 l. give 45/. Intereſt for a Year, What ſhall zol. give? Here its 


pe that 30 / is leſs than 750 J. and requires leſs Intereſt, Therefore 


oth theſe and all ſoch like N muſt be wrought by the Rule of 
Three Direct, wherein the Rule is plainly thus: Multiply the ſecond 


Number by the third, and divide by the fitſt, the Quotient ſhall be the 


fourth Number ſoup ht. As in the firſt of theſe Examples, multiply 900 
by 35, and the Product Is 280 which * divided by 23, the Que» 
tient is 1120 þ which ſhews that 35 Tuns will coſt 110% 
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10 D the Rule of Three. "AY 

[ And fo in the ſecond Example: Multiply 50 by 45, it makes 2240, + 
lll! - which divided by 750, the Quotient is 3; which ſhews that the Intereſt 


o 


of 50 J. for a Year is 3 1 1 ns. | 
750. > =—=45 — 30 
50 


7519) 22350 (31. | | 
The Rule of Three Keverſe, is to be uſed when the third Number 
more requires leſs, or leſs requires more; andthen the Rule is thus: 
Multiply the firſt Number by the ſecond, and divide the Product by 
the third, the VN ſhall be the fourth Number ſought, which at 


At ways (as in the Direct Rule) ſhall be of the ſame Denomination with 
the ſecond Number For Inſtance : 
141 If 24 Pioneers require 16 Months to dig a Retrenchment about a 
oil Town, How many Pioneers muſt there be employed to dig the like 
\ Trench in 4 Months? | 


3h | x 

14 | In ſtating this Queſtion you muſt note, That 24, tho? it be the firſt 
named, is not to be the firlt Number in the Work, beEuiſe the middle 
Term muſt always be of the ſame Denomination, with that which is 


| fought. And the three Numbers put in order ſtand thus, 


Motiths * Pioneer Months, 
t6 S 4 WE 242 ĩ—-— a 
Here cle, plain leis requires more, that is, leſs Time more Hands 
Therefore ir muſt be wrought by the Rule of Three Reverſe, and e- 
* cordingly you may multiply 24 by 16, and divide the Product by 4, XZ 
W. 1 Quorient is 96, as doth appear by the Work 1 which is, that 99 
; Pioneers muſt be employed to firifh the Trench in 4 Months. * 


The Operation, ; 
Months Pioneers Months. 


144 
4 795 96 Ploneers. 


i * y N 4 | 2 4 a 8 , 4 * 1 * | 
0 the Rule of Three, ® 11 
0 er, VAT. 1 | 
Some Oveſtions anſwered, and the Way of Working them direfted 
| Queſt 4 to illuſtrate the foregoing Rule. "EY 
Ih ADDITION. | 


Oueſt, An ancient Lady being demanded how old ſhe was: To avoid. 
a direct Anſwer, ſaid thus, I have 9 Children, and there werethree Years 
between the Birth of every one of them, My Eldeſt was born when I 
was 19 Years old, which is now exactly the Age of my Youngeſt, how 
old now, is the Lady ? 

Anſw, It is reſolved by Addition thus : Firſt ſet down her Age when 
her firſt Child was born, which was 19, then the difference between that 
and the Birth of her Youngeſt which is 24 and then the Age ot the 
+ . Youngeſt 19; which being added together, ſhews the Lady to be 63 
Years of Age. 


19 Her Age. | 
24 Difterence between the Children, 
ig Ape of her q oungeſt. 

62 Lady's Age | 
ls SUBTRACTION, \ 
eſt, In the Year of our Lord t588, was the Spaniſh Tnvaſion z In 
the Year t71 5, I demand how long it (s ſince 4 | | 
% Subtract r 588 out of t715, there remains 12, the Time ſince, © 


to the Year 1715, 
| h MULTIPLICATION. 


veſt How many Statute Miles are there In the Cixeumferenee of the® 8 
Body of the Earth; whoſe Circuit 18 3d degrees, and eqch degree cans. 
taing (according to Vulgar Computation) 60 Miles, i 

4% . Multiply 360, by 60, (the Miles contained In one degree) 


- 


and the Product is a 1600 Statute Miles, pe 
Operation, * 
360 a 
0 
21600 | . 


| * DIVISION. 
of. If the Circuit of the Terreſtria! Globe is 2 1600 Miles, 
uppoſe a Man travel continually in a direct Line (under one of the. 
Greater Circles of the Sphere) 25 Miles a day i In how many days can” 
he compaſs it ? | * 2 Anſw, 


* 
* 
* 
2 
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C * 
* V 


ber be more t 
it than the ſecond : There 
2Roo, which I divide by 12 (the third Number 
and 4. remaining, the t 2th part of which is 5: 8 4, 
the Queſtion is, That I muſt lend him 233 / 6 5. 8 4 fot ts Months, 


_ 


is * + M 


Anſw, Divide 31600 by x5, your Quotient will be 1449, which, © 


| ſhews that in ſo many days he may effect it, that is, in ſomewhat leſs. 
than 4 Years: 


Tie Operation. 
15% 160 1440 


15 a 

TY in 
* 
| 


| 9 
In the Rule of Three. 


Queſt A Man lent me 400 J for ) Months, wichout Intereſt : How 
mue | 


muſt I lend for 12 Months to retaliate his Kindneſs > _ : 
Anſw, This muſt be ſolved by the Reverſe Rule of Three, and muſt. 


be thus ſtated, 


. Mont hs. ha Mont hr. 
; 7 — — 40— 1 
Where tis — that more requires leſs; that is, tho! the third Num- 
jan the fiiſt, it requires a leſſer Number to anſwer unto 
ore you muſt work 00by 7, and it makes 
he Quotient is 244 J. 


Jo the Anſwer to 


7he Operation: 
4 10% h. 


— 2 


Month+ . | 
T ? 99/233 


a 
'T be Operation. . 
10 = 
Which being multiplied by 36, 
the 8hillikgs lin one Pound and is 8 I 
inge, which being divided b 12, produceth 
oh and 8 remaining, which 1s x4 of a $hil- 


ling, or & Pence. en 
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2 CHAP, 11 | 
Containing ſundry uſeful Definitions and Prob lemi of GEOMETRY, 


SxcT, I. Geometrical Definitions. 


"0, 


Point is that which cannot be divided, hayi 
(Wantity, and therefore vold of Length, * 71 Fart un 


Breadeh or Depth z and is repreſented in the xx C 
Margin by the Letter A. N a 1759 


A Line is 2 without Breadth or 4 
Thickneſs, and is Right, as A 8 
Or Curved, as B. B 9 

| An Angle is the Ine ination of two Lines | 

one to afiother, the one touching the other „ 
et not ſo as tO make one Line; is the Lines B — . 


A and BC. 


A Right-lined Angle, is that which is con- 
tained by Right-Jines, as the Angle ABC: 


A Right Angle, is either Right-augle of Oblique, 
AA. et Angled is when 4 Right Line 

F. ſtandingg upon N40 Line, makes the At Ld 
IF gles on each fide equal to esch other; as the 

JJ Right-angies ACD and BED | 

ö An Obique-Angh, is either Aeute of Obs A 


An Aru Angle is lets than a Right, as 


\ 


"I 
* * as - * 
us - — — 9 
Dig; = — = 5 
5 * 


4 
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—— oth | aver than a Right» 
n 5 r 

Angle, 40 18 1 EY 


A Plain Figure. 1s contained under one 
Term, Or many. 


** * 07 Fo * „ 
Geometrical Definitiom. * 
| A Circle is a Plain Figure contained under 

one Term or Line called the Circumference, 
unto which all Lines drawn-from a certain 
Point within the Figure are _ and that 

Point is called the Center, as A. 

A Right-lined Figure is contained by Right- 
lines, and is either three-ſided, four-ſided, or 
many ſided. | 
A Triangle is a three ſided Figure, and is 
conſidered either in relpect of its Sides, or 
Angles: | | 

In reſpe& of its Sides 'tis either, 
Equilateral, having three equal Sides: as A, 


ot Eguitrural; having two equal Sides; 
as | 


Or Kaleuum, having three unequal, Sides, 
as D. 


In reſpe& of its Angle, dis Ader. 
Right-angled, which hath 4 Right-angie 


! 


as E. / 


Or Oblique-angled, which hath no Right-  Z 
angle, but hath\rwo Acute-angles, and one 
Obtuſe Angle 3 | ; | | 


Or three Arwerangles ; a3 Go 
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. - , - Geometrical Problems. —_ 
A Square is that which hath four equal 29 
Sides, and four Right-angles ; as A. | A. 


An Oblong bath four. Right-angles, 


and the oppoſite Sides equal; as B. 4 
A Rben bor hath four equal Sides, but < 
is not Right-angled z as C. w 
Wo | 4 
A Rhomboidet hath the oppoſtte Sides 4 
and Angles bull but is neither equals | * 
8 fided nor Right-angled ; as D. 4 
All other four fided Figures are cals 
led Traben ia 's, as B. | 
Parabel, er equi diſtant Right-lines of. 


| are ſuch, which being in the ſame Sy" 
8 perfieies, if infinitely produced, would 
never meet, as A and B, 


Se CT, II. Geometrical Problems a 


Prob, 1. How to raiſe a Perpendicular on the middle of a given Line: © 
I} T the given LineibeAB, and C be a 2 DNN w 
Point therein, whereoa it is required to A 
raiſe a Perpendicular. Firſt, open the Com- « 
paſſes to any convenient diſtance,and ſetting 
one foot in the Point C, with the other ſet off 
on either ſide thereof the equal diſtances, CA 


. . = 


andCB: Then opening theCompaſles to any * 

convenient (wider) diſtance, ſetting one foot A ＋ „ 

in the point A, with the. other ſtrike the occult Arch at E, then with bon 
* . 5 a F * 


* * 4 L , " , 7 j 1 1 : - 4 
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_  . 9 Geometrital Problems, | 
fame diſtance, ſet one foot in the Point B, and with the other ſtrike the 


Arch F, eroſſing E in the point D, from whencedraw the Line DC, which 
Line is 4 Perpendicular unto the given AB, as was required, 


Prob. 2. To let fall a Perpendicular from a Point aſſigned, to the middle of 
a given Line. : | 

A. Let BCD be the given Line, and A the 

point aſſighed, from whence you would have 

a perpendicular let fall t Firſt, ſet one foat 

of your Compalles in the polnt A, and opens 

ing them to any convenſentdiſtanee, deſerſbe 

. an Arch of a Circle that may eut the Line 

BCD at K and F then find the middle bes 

tween theſe, which will be the point G,from 


which point draw the Line AG, which is the 
Perpendicular Line required, 


Prob. 3. To raiſe a Perperdicnlar uon the End of a Line given. 
| ve Les the given Line be AB! firſt, open 
„ yourCompaſles to a convenient diſtanee, 
and ſet one Foot in the point B, and let 
| the other point fall any where above the 
E Line, as at the poiprD and in that point 
let one foot of your Compaſſes remain, 
5 turning the other about, until it cut the 
| A g Line AB in the point E; then turn the 
ſoot of the Compaſſes towards C, and draw an occult Arch, and lay the 
edge of a Ruler to thoſe points, E and D; and where the ſame cdge of 
the Ruler doth cut the Arch C, from that point draw the Line CB, which 

ſhall be a Perpendicular at the End of the Line AB, as was required, 


Prob. 4. To let fall a Perpendicular from a Point aſſigned, unto the End 
of a given Line. 


1 
F 7 - 


11 
165 
nnen | 


Dov * | Let the Line AB be given, unto which it is te- 

N nired to let fai a Perpendicular from the Point 

: 0 D, to the End Firſt, from the point D draw 

\ * a Line unto any Part of the given Line AB, which 

= - *» 5 F, may be the Line DCE; find the Middle of the 
„ 2 B Line, which is at C, place one foot of your Com- 
My. paſſes in that point, and extend the other unto D or E, with which Diſt- 


—— ſcribe the Semi-circle DAE, which ſhall cut the given Line AB 
in = * DCE inD, from which point draw theLine DA,which 
is the Perpendicular on the End of the given Line AB, as was requited, 


To 
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Geometyical Problems” + 15 


Prob. 3. To draw d Line Parallel to 4 Lint given, 


Let AB be a given Line, whereunto I 

Wit is required to draw a Parallel. Firſt, —_— - 
ſet one foot ot hour Compaſles in the 7 EF N 
Point C,ahd opening the other at Plea- 41 — n 
ſite, deferibe the Arch E j then with © 7+ 8 
the ſameDiſtanee ſet one foot In the Point P, deſerlbe the other Aren F; 

en, lay a Ruler to the Convexities of beth theſe Arehes, and draw 
the Line GH, which ſhall be a Parallel te AB, as was requi 


Prob. 6. How e wake an Ang/e equal ts an Angle given: 


Let ABC be the given Angie draw the Line DE, and upon B, as'4 
Senter, deferibe the Arch GM. between the Sides BA and C, and upon . 
he Point D. with' the ſame Extent deſcribe the Arch KL, and place 

he Extent GH from K to L. then through the Point L, draw DF 1 $6 
= the Angle EDF equal to ABC, which was required, 


So” -«co6S is 6 ww,  - @& 


Prob. 7. To divide a given Line into tuo equal Parts, properly called 
_ | - Biſſecting a Line. | | 
Let the given Line be AB, open 
our Compaſſes to any convenient 
xtent more than half the Line, and 
ith one foot in A deſcribe theArch 
and D;then with the ſame extent, 
ad one foot in B,croſs the aforeſaid 
rches in C and D, a Ruler laid 
om the eroſſing at C, to that at D, 


uts AB in E, the middle of the line 
quired. ö 


* i ute "i * ö N. | 
tene Problems 


Points (not Seitwate en & Right Ling 0 0% 
Prob, 8, T6 bring req Pain, Cat in Otyeli. i 


guppoeſe it be required to draw a Citele hee) 

the 'Peints « be ; Firſt, with at dane * of 

e the Cempaſles, and more than hal * on 
R feet in a, draw the t e hy in 
with the fame Extent and one faot in b, ere 

the aforeſaid Arches in * h j then with any 
Extent more than half Þ e, ang one foot in b 


| draw the Arche; d and e, and with the ſame 
Extent and one foot in e, croſs the ſaid Archer in d and e, then thro! the 
oints d and e draw the Lined e o; alſo through h and g, draw the Line 
Tin!” i go. where theſe Lines croſs each other as at o, is the 23 required, 
mY * then with the Extent o a draw a Circle, it ſhall paſs through the three 
given points, 


Prob. 9. With a given Line AB to make any given Angle, Suppoſe 
an Angle of 36 Degrees. 


With the Chord of 60 Degrees, and one 
foot in A draw the Arch cd, upon —＋ ſet 
off the Chord of the given Angle 36 from c to 
d, and through d an the Line A d, which 
ſhall make an Angle at A of 36 Degrees, with 
the Line AB as was required. 8 


Prob. 10. With three given Sidel to make — 


2 — Suppoſe the given Sides be a b and c with 
b —— them to conſtitute the Triangle ABC, 


6E— 2 — 


3 Take the longeſt Side c in your Com- 
| paſſes, and ſet from A to B, then with 
the Lengeh ol the ence b in your ** 
ſſes, and one foot in B XX. 
Fat Arch ac e, ard With the len 
of he Side a in your = and one foot in 4 croſs the aforeſaid 


Arch at & then draw the Lines A ay ſo have you| the Triangl 
* 


we OTIS. 
toſed Wy plal Trinzgle, ot lay took 
ling, 


1 $ ſup=, 
A at Ay and Miz 
— as (as in all Caſes 
by ＋ 9, Make 1 {ven 
and from a nyo equal pd pw, ſur off the 

ven 0 60 dem A tee and let fall the Prepen= 
*% b te * AB in B, fo is your Triangle fini= 


hed | 

lkewiſe 1 the Jigs AB had been given (which 
E. a of Navigation had * the Differs 
nee of N you muſt make the Angle as before,” and ſer off the 
ide AB from A to B, and at H erect 4 Perpendicular to ent ACin C, 
nd dis done; and this with a lirtle Application is ſufficient for toject⸗ 
g all Caſes in plain Trigonometry and Navigation, as à little * 
Fill make evident. 


F bo * af 1 
= 0 HA p. nm. 


WW eateth of the Doflrine of Plain or Right-line Triangles. 


ECT, I, Containing ſome Thing 5 nee fo be ander flood rela- 
ting to the Science of PLAIN 1 i CONOMETRY. 


HE Deftrine of Triangles is courerſung Meth WAG of 

Triangles, Plain or Spherical comparing the Lide and Angles to- 
ther, according to known Analogies, whereby three things bing gi- 
n, either Sides, Angles, or both, à fourth Side or Angle may be Found, 
But becauſe the Angles, of both Plain and Spherical Triangles are - 
Weaſured by Arches of Circles, and the Sides likewiſe of Spherical Tri- 
gles are themſelves Arche“ of great Circles, therefore theſe Arches 
e in a manner reduced into the rige - Met applied thereunto. 
The Right-Lines applied to Circles, are Gch Sinet, Tangentt, and 
CAMS, 
A Chord is a Right line drawn in a Circle, from one part of the Cir» 
umference to the other, as in the annexed Figure, 

HK 


\ + 
* f 7 5 


* 3725 "__ you ma 
lon. * . 1 


rler ſe A 
be % 10 AG 


Lin I el 
ngle at A 


D a 


-o 9 2 a 
a 


, 1 
Plalu Tyignomeery 77) 


HK {s the Chord of the Arehes 
HEK, and HDR, alio DE the 
dilamerer is the Chord of the Sev 
mi-Circles DAE and DBE, 

The right Sine of an Arch ig 
halfthe Chord of twice that Arch, 
E as HG being half the Chord 

HK, is the right Sine of the Arch 
HE; alſo of the Arch HAD, the 
"Arch HE being the half of HEK, 
and the Arch HAD being half 
the Arch HDK. The Sine 
Complement of the Arch HE is 
HI, equal to CG. © 


The Verſed Sine of an Arch, is that part of the Diameter which lies 
between the right Sine of that Arch and the Circumference, ſo that GE 
is the Verſed Sine of the Arch HE, and GD the Verſed Sine of the 
Arch HAD. | | | Nes 

The Tangent of an Arch, is a right- line touching the Arch, heing per- 
pendicular to the Radius drawn to the Point of Contact, and concurring 
with a line drawn from the Center, through the term or end, of that 
Arch: ſo EF is a Tangent of the Arch EI. 

A Secant is that Right-line drawn trom the.Center of the Arch, until 
it meet wich the Tangent; ſo CF is a Secant.of the Arch EH. 

It is to be underſtood that every Circle is divided into 360 equal parts, 
called Degrees: every Degree into 60 Parts, called Minutes; and cyery 
Minute into 60 parts, called Seconds, &c. | | 

The Complement of: an Arch or Angle, is commonly the Comple- 
ment thereof, to (or that which makes it up) go degrees. But it it be 
meant the Complement thereof to a Semi-circle, it is expreſſed by ſay- 
ing the Complement to 180 deg. — 

A. plan Triangle is contained under three Right lines, and is either 
Right Angled or Oblique, | ve 

n all Pain Triangles, two Angles being given, the third is-alſo given; 
99 one Angle being given, the Sum of the other two ivalſo given ; be- 

uſe the three Angles gene are equal totwo right Angles: . 

Thereſore in a Plain Right Avgled Triangle, one of the aceiite Angles 
is the Complement of the other, to 90 deg: | 

In the Solution of the plaln Triangles, the Angles being phly giveth, 
the Sides cannot be found, but onſy the Ratio of the Bides i It is there: 
bre neceflary that one of the vides be Kuen As 1 


A 


F 


. \ 
oy * 


"Roy 4 
* «i _ 


* 


F N. | 3 * * * 2 1 n a | ls 
PI Thigonometry, N 3 1} 
In a Right Angled Triangle zwo things \ «>a the Right Angle) will 


rye to find the third, ſo one of them be a 


d In Oblique angled Triangles, there muſt be three things given (one 
ö * bel a Govt find a Fourth, üg 


7 ; 


- =- 


Some Symbols uſed in the Doftrine of Triangle: for Brevery's ſake. 
z Equal to, a 

= Ore, \ 

— Leſs | a 
*.Multiply by, or draw into- of 
Over a Number ſtands, tor Degrees, as 12* ſignifies 12 deg; _— 
' Signifies Minutes, as 12“ is 12 Minutes. 
cr. a Side. ers. Sides. 0 
£ An Angle, s Angles. 4. 
Z The Sum. 5 * al 
X The Difference, - 


S. Sine. . 
E Sc. Co-Sine, or Sine Complement, 
the Co. Ar. Compl:ment Arithmetical. 


r. Tangent. 

cc. Co- Tangent, or Tangent Complement. 
= R Ang. two Right Angles. 

CO. Square. | 

| In Right angled plain Triangles, the Sides comprehending tlie Right 


gle are called the Zegs ; and the Side ſubtending (or oppoſite to, the 
pht Angle, is called the Hpothenuſe; 

gn the Doctrine of Triangles, three Letters denote an Angle, as BAC 
ifies the Angle at A; ACB the Angle at C. Two Letters ſnew a- | 
j le, as Side AB, ot AC. 1 | 

| In the Doctrine of Triangles, the given Sides. 
or Angles are noted with a Dach, thus () N. 


Tue requitn 9 n 
h BY ited bides ot Ai\iglty with & Cypher 


y * 
_ | 


Plain Trigonometry, "_. 


In Right-angled Plain Triangles, there are ſeven Caſes, and in Ob 


12 
lique Triangles lix for the Solution of which, theſe four Axiom are 


ſufficient, ' | 
| AXIOM f. Of Right-angled Triang/er, _—_— 

In all Plain Right-angled Triangles, any of the Sides may be made 

Radius; and the other Sides will be'Sines, Tangents or Secants ; and 

what Proportion the ſide put for Radius, hath to Radius, the ſame Pro- 

portion hath the othcr Sides, to the Sines, Tangents, and Secants by 

them repreſented. , | 
| AXIOM z. Of Oblique Triangles, © 

In all Plain Triangles, the Sides are in ſuch proportion one to another 

as the Sines of their oppoſite Angles. - 

| AXIOM z. * 

In all Plain-Triang/es, As the Sum of two ſides is to their Difference; 
ſo is the Tangent of the half Sum of their two oppoſite Angles, to the 
Tang. of the Diff. of either of them; above or under the half Surf, 

AXIOM 4. ; 

In all Plain Triang/es; as the Baſe is in Proportion to the Sum of the 
other Sides, ſo is the Difference of theſe Sides, to the Difference of the 
Segments of the Baſe. | | 


8 E C T, II. Of Right-ang el Plain Triangles, 


: | Caſe I, 
4: HE Angles, and one of the Legs given, to find the other Leg. 
f Example. | 
In the Triangle ABC, 
There is given, 


BAC . 5! N 6 
AB + oli j BCrequired 


us Ach 57 ty ON Operation by the Lagarithm, » pighis 
To AB fe parts —— 2 ——A — — —— 1.954143 
$0 is 8. B. C 44” 11 — — — — ——— 75743718. 
0 wy | 11699991 
TV BC required, 60, 15 part 1775 17ʃ 


The General Rule for working Proportions by the Lagarithm 


Add the Logarithms of the ſecond and third. Number together 


. 
he 4 
7 " k 
. 
p N - « 
| a 18 p 


' dV 7 


” | * , * | 2 * ug | ta * 
e * wh. Ts 

a "Plain Trigonometry, 23 

om that Sum ſubtra& the Logarithm of the firſt, and the Remainder is 


he Logarithm ot the fourth Number ſought, as is apparent by the pre- 
edent Operation. | * 


Note ; That the Work may be abbreviated in this and the following 
and aſert When Radius is not Iput in the P;oport'of, then takexthe Com- 
ro- lement Arithmatica/ of the firſt Logarithm and then adding the Loga- 
by ithms of the ſecond and third, and the Complement Arithmetical of the firſt- 


nto one Sum, from which bating Radius, or an Unite (towards the 
elt hand) the Remainder is the Logarithm of the fourth Number. bt 
{ The Operation by the Compl, Arith. Co, Ar. 
A S. „CB 56* 15 Log 
To AB go parts ——— 
0isS BAC, 33? 77 | 5 
To AC.reqrired, 60, 13 patts ————— — 1177013 
The Compl. Arich of a Log. is the Remainder thereof being ſub. 
ated from Radius. 6.5 


—  — — — —— 1.954243 
2— —2Ä4—. 4 


% 


ſhe So the Compl. Arith. of 8. Th 15 5 10. 0 o 
the is 00801544 as here appears; © . _* 9.919346. , 
* 0.080t54 | 


But a readier way is hinted by Mr. Norwood, thus: By taking the 
omp. or Reſidue of the firſt Figure towards the left hand unto 9, ang 
of the reſt, until you conie to the laſt Figure towards the right-hand 
Wercof, ſet down the Reſidue to 10, thus, To take the Compl. Arith, % 
99184. For 91 write this Reſidue unto 9, which is o; for 9, 0; 
$ 6. 


7, 8; for 9, ©; for 8, t; for 4 the Conipl: to to, which 3 
d ſo I have oo8oto, which is the 17 Arith. of g 91984, 1 
How to work this and the following Caſes by Gwnter's Scale, ſhall be. 
ewt in the Uſe of that Inſtrument / * 0 A 
. Caſe II. | 1 


he Angles, and one of the Legt given, to And the Hypothenuſe. 


the Triangle ABC, 
There is given, 


CB yo" 15 . 
My 0 Darts AC req, 

8 Ach 57 1% Log 3 121 
8. 17 1 — — 5 of 
To AB 90 pt - — 57155 
% Radu — — . 10. 


To AC required, 10 Lee 


Were 
0 
N. = & * 7 »+Y ' 
FT, 3) 4 n 
. o 2 x | \ 9) 10 


* * * * * 

. 1 4 —_— 4+ * EY 0 oy 'F" a * * 8 # , 
, . } e | 

l A * 5 844 oF 4 
"OP \ = OY l | if 

* Fs P 3 U 8 0 5 0 1 l 4 k 


: | 
"if A. "ST 


3; if of e | | . | 
8 * * l | 5 8 Wu 4 PO * 


„ . 
* | & J > * * a nas” 9,8 Lev od 
. . , * 
24 Geometrical Problems. ; 


Log. of the fourth Number required. 


Labour of Subtraction may be ſaved, 


2 De Operation 


In the Operation of this Caſe there is no need to take the Compl. 
Arith. becauſe Radius is one of the four Terms in proportion; nor 
of adding the Log. of the ſecond and third together, according to the 
general Rule aforegoing, only ſubtract the former Figures of the firſt 
Log from̃ the ſecond Logs. And in ſubtracting the laſt Figure of the firſt 
Log. add 10 to the correſponding Figure of the ſecond Log. viz. 

Say 9 from 11, there remains 2; This Remainder 2.034496 gives the 


But if the Compl. Arith, of the Log. of the firſt Term be taken, the 


| Caſe III. 
The Angles and Hpothennſe given, to find either of the Legs. 


| Example. | 
In the Triangle ABC, 
i; cm oo YER 
B 567 15 | 
<< AC 108 parts FAB required 
. The Operation, 
As Radlu . en ——— - 10,0000 
To AC 108 parts eee — — 2.031 T N | 
80188, ACB 5 15',——o_ , nm an —— 21.8 
To AB required 8g 15 part... 10 * 
In this Operation, the ſecond and third Log being added together, AS 
the firſt, being Radius, is eaſily ſubtraRed by cutting off the laſt Figure lb 
towards the left hand, 88 is evident in the Example, " 
| a Caſe IV. 
The Legs given to find an A. 
Example, 
In the Triangle ABC, 
There for N 


n — — BAC required. 


"+ 


AS AB, gon — mon_ — — 2157442 


To Radius — 9.000000 
So is BC 60 — — 11228 r 
To t. BAC required, 335 41'——=—— ——— —- 9.823909 
This Operation is performed as the Example in the ſecond Caſe be- 
foregoing, " . * 9 of * we — F aſe 
OTE POO. (((( 


47% 
4 , * 5 * < 
, 3 4 5 0 3 * F 
i . * 4 1 . 4 *%ao £4 AY K 3 
* E 4 | ; Fn - 
* — hy N * PR Ay F * . + 1 
& Ly * * 1 4 . 


Plain wee * 75 


1 The rppotenale ad deft Link ike to Gad the Angles) - 
| In the Triangle 15e | 

5 given 7 

* f ACB required. A A 
| Er © omg 

dy re AC 108 _ —— — . 033423 
= To Radius— <8. NS none Tm — [0.00000 
= 80 is AB 90 err 


o Sine ACB as 16˙ 26' —— IM _— 
To is 1 - the precedent Operation i in 0 fourth 920819 


Legs iven — yd the Hypothenuſe 
* the euer ABC * 


There is given 


AB 90 
E ** C required, 


This Caſe requires « double Operation 

1. By the 4th Caſe to find the Angles, - 
4 By the 2d Caſe to * the Hy pothenuſo, 

The. frt Optr ation 

As AB 90 — — — — come — —j— f CIOS 
Te Radu — — — 10 000000 
80 is BC 60 — — — — ci 

To 7 BAC, 'The 41 i 
The aud Oftration 


8 is Radius — —.—— fle eeegee 
nl To AC required ————_— 2.0341 70 
1 ene , 

W The Hypothenuſe and one of the Legs given, to find ihe other * 


Example. 


* Triangle Ant dene 
fe, ia gixen FW! ION | 16943 NI 
AG BC required, 


Caſe, 


26 Plain Trigonometry, 
This Caſe likewiſe requires a double Operation; 
1 By the 5th Caſe to find the Angles 
2. By the 1ſt or 3d Caſe to find the Leg required. 
To Radius — — co — 10 000000 
To Sine ACB $6* 26—. :-. ——.—.—— 9590814 
| The ſecond Operation, 


80 is Sine BAC gg* ga —— mm tm men nmr 7 41651 
To BC required 60 — —  .. 60 
The ſixth and ſeventh Caſes beforegoing, may be performed without 

the Cannon of Sines and Tangents, by the 47 Prop t Euclid, vis that 

in plain Right-angled Triangles, the Square of the Hypothenuſe is equal 
to the Sum of the Squares of the two Legs 

Example of the Sixth Caſt 

In the Triangle ABC 

There is given 


AB 90 | 


' Square the given Legs ſeverally, add their Squares together, the 
Square Root of that Sum is the Hypothenuſe required. 
In multiplying 90 by go, you need not regard the Cyphers, but 9 
times 9 18 0 1, to which ſet the two Cyphers, the Sum 9100 is the Pro- 
Aust required, Cs. he Operation. 
«Ig AB go Square of AB, 8106 - 
; go Square of BC, 36% 


* 


"SECIS ths 


1 - _— 
— — 3 —— 5 ” 
bs * — a 
— — — ay 
. 8 — — 
* 1 = =— 4 On 6 _— 23 ——_— 
of | . - - — i tl 
PET - — — 2 2, 
* = g 
V " — — 
— N * . 
- — — 12 — — - — w — — _ 


2 


8x00 Their Sum 11/0108 AC required 4 


. ef; 
a — 
—— I. — 1 
— —_ _ 
o 8. >" 
- * 9990 1 4 
— * > 


+; 
/ Otherwiſe by the Logarithms. h * 
From the double Log. 9 amine, 


„* _ 


Plain Dhhennete 


4 to the ablolute Number anſwering 
- [eſs Leg ; half the Sum of the 


| 27 
eee 
the Log of the Hypothenuſe req "=. nor * * Ln 


the Oper ation. 4 
The ſame . — 51 
The double L. ĩäĩ³ĩ2E——. 905454 


» The leſs Leg BC 60 Log. ſubtr.——-ü - XI 
W The abſolute Number — 


The Zum "Is Of) — — — — 11000 
Lels Leg BC 60 IRR 


Shm _— _— — =— 4.008 19 
The Hypothenuſe AC ors Sum — .. w— 1 0140 — 


C le th Caſe, 
W In the Tilange 58 * 


\ | x There la RK Ven, 

9 | AC 108 þ BC required. 
MA; 4b go 390 
From the Square of the Hy thenuſe, ſubtraR the Square of the 1 


ven Leg, the Square Root of 5 Remainder is the Leg required. 
The Operation. 


4 1 AB o the Square of AC 11664 
- 75 go the Square of AB 3182. 
8 Wes |» Remainder "3564-59 
Þ __810 | . 
1 Juare 11664 Square $1 $100 1 22 
7 5 118 3 — 
- = | *R 
b f — by the Lgaritbm. 
IF Half the Sum of the Logs. of the Sum, and of the Difference of the 
1 ypothenuſe and given Leg, 2 0 of the Leg required. | 
Iperation. | © 
The Hypoihenufe 1 een 
en Log An 5 1 ahi 5 | 
The Sum 198 „ 2296665 © CO 
35 Ide Differ 18 Log. % œf//gf/ ũ Ü 


1 aj F . * | 2 
rie Leg BC 59 required, half Sus 177% E - SECT. 


5 | * W 
n 


0 = 
| c 


e : THT C. e | | | = | 
T HE Angles, and one of the Sides given, to find one of the other 
- * | 


given, | . 

£2 8 1 1 ii 

f 0 , , 

A——AL AC 3 , | 


ought to be determined before the Operatian, as in this Example. 
_ +a as ORR To. Ar, 


28 | Plain Trigonometry. 
SzcT II. Of Oblique-angled Plain Triangles. 


Example. 
In the Triangle ABC. 
There is 


* 


The Operation of this and the following Caſe, depends upon the ſe- 
cond Axiom aforegoing 
The Operation, Co. Ar 0 


Ay Sine ABC 4;“ o ono coo - — 015051) 
To Side AC o — — 1 8020860 
So is Sine BAC 3; 45' ͤ—..ö(ök'—][⏓—y — —— — 2429 


To Side BC required, 312 747314 
After the ſame manner you might * the Side A; if it were required. 
Two Sides, and an Angle oppoſite to one ot them, being given, to 
find the other oppoſite Angle, = 


| Example. 
In the Triangle ABC ; 
1557 There is given, | 3 
EF ABC, 45* o | 1 
FAX ab | 100 þ Ac required, being Obtuſe 
N ww” AC 80 | 


5 in this Caſe, if the given Angle be Obtuſe, the angle requited is i 
cute. | | 
2. If the given Angle be Acute, and oppoſite to the greater of the given | 


Sides, the require Angle is Acute WREYT 
; el and oppoſite to the leaſt of the given 1 


3. If the given Angle be Acute 


Sides, it's doubtful Whether the Angle ſought be Acute of Obtuſe, and 


The Operation · | "LEN Þ 
To Sine ABC 45* 00/ ——e —.( . 9.849485 | 


* . 1 5 14 4 1 N 1 
50 18 Side AB 100 — ww — — — 000009 ; 


P | 4 
/ | oy 
| „ ** n . * 1 2 1 


. 
* 


4 
3 
a7 „ we 
p a Aa N 


1 


Plain Trigonometry. Ty 
Y h ine of 6a* 06' for the Angle 
9 2 dern wh ; jon nut rake its Complement to 


ol 1 
Two dite * an Angle oppaite to ons — them, being Siren, to. 
| the third Bide. Enample, 0 
in the Triangle ABC. E 
There i» giyen, | 


- ABC 4 oo 

| 650 requlred | 

Firſt find the Angle at C, by caſe the ſecond Co Av 

As ſide AC —— Bo mmm — 8860 
To Sine of ABC - — 4z* oo — 84548; 
2 ſide AB — — — — — 3,000000 


Sum — 5 Subtracted ſrom 180 
Where Reſts the Angle CAB 17? 6. Then by aſe the firſt, 


to | 
| To fide —— yy ——c, gogeve 
* To (ide BC required OO 1 — — . L 
AN 4.0 e 2015 7! | 
1 3 x Two ſides, and their contajned. * *. to find the other 
Angles. Example 
Jo the Triangle ABC, 
= There is given, Es PL 
1 AB 33 35 7 4 


The Operation of this 4 depends upon the, ini Axiom. 


319090 75 ad. : 
The fide AB 25 hy 


$ --/ The fide 40 20 C 33 as A 
rue Sum of the ſides450 Sum 146 15 


ir e 0 
= 7 n half Sun 73 o7 ot .the wry Ange. 
. 4» 


* 
* 1 
- # 
1 p 
* 
* 
o 
-_- 
. * — 
» _ * 9 8 4 & : 


£79 4 


4 


30 Plain Trigonometry J 
Co. A 


nnn a _ 
Az the Sum of the Sides 4B and AG 45 Log: ro wn $,,,6708 
To theit Diftetetice 22ñüñÄ !. 0.698990 
80 i8 t half Sum of the oppoſite Angles 737 of — 16.4; 
To t+ of theft half Differenge==os as == 40 0s — 77777771 
The half Difference added to the half Sum, gives the greater Angles 
and ſubtracted leaves the lefs N 5 


This half Sum of the Angles 94 07 


. 


The halt Difference '+ _ 10 od 
Added, gives ACH 5 13 
Subtracted, 40 93 Ol 
e v. ER 
Two Sides, and their contained Angle given, to find the third Side 
f Example, 1 «= | 
In the Triangle ABC, 2 | RM. 1 
There is given, | | 22,7 Lt.5 a0 1 
AB 335 WET a z ©. ol 
AC 271 BC required, 74 A | 5 | * 
1 F = 
This Caſe requires a double Operation - »" 
1. By the 3d Cafe to find the Angles | Go 
2+ By the 1/ Cale to find the fide required. DEA, 
| The firſt Operation "Soy > | 
1 | | | 414713 © Co- Ar. 3 \ n 
As the Sum of the ſides AB and AC 606 Log. — - —7 217528 Xs 
To their Difference 64, —— —— — 1.8 26180 
So is t. half their Sum Angles — —82⁵ 40 — — 10. 8 gogo 


T t. half their Diſſerence —39 22 I 
By which you will find the Angle ABC, to be 43* 18' —<9:914 145 


The ſecond Operation „e Ad gbii odd by. 
1 0 4 #4 | 3 BE 68 M 21:10 Co. Ar. : : 

As Sine ABC 43 18 Log. — — — B o. 163794 1 

To fide AC 271 — . . 133 2.432969 
30 is Sine BAC 14* 40' == — —— corre —o <<" 402.57 

To lie BC required, 100 -—» —— — ———— 72000275 

; Caſe 


elan Thigonomerry 
c VI. 9 
Thee Nav 10 to Rad an Angle 


1 * the Triangle ie 3 
| W117 6 given —— | in 

4 4 6 47$ MC, { . 

ra N hanlen of this G0 depends upon the 400 Axiom, reducing 

He G0 que-angled ur oO ne wo R Rt-angled Trian gles, by — 

ing fall ha Pop bende D, upon the Baſe or greater Ade 4B, and re 

* res & don Operat lon, 

" ſe | th 00 on Which the Perpendleular falls. 

Uh. The =—_ find the demon of the Baſe 5 


+: To find by the 376 Caſe of ReQangular) the Angles required 


Operation ] Co. Ar. 
7 As the Baſe 740 3 Log. 8.193820 
＋ Fo the Sum of the ſides AC and BC — 81 1 go8485 


* 1 
xz 
2 
'' \ 
1. 


$ m be 
7 7 0 the Diff. of the Segments of the Bale 16 x1.216248 
: The Baſe is 64 525 
The Differ, of the Segments 16 
half Pays — AD: the 
is 40 is AD t ter 
ment of de Re becauſe — 
the greater fide AC, 


De Kras Operation. 
In the Triangle 40D, Right-angled at D: 
1 There is given AD and AC, to "find CAD 
To Radius E — 10. 000⁰⁰⁰ 
4 is AD, 40 — — 1.602060 


TE 
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-: . ace: 


© „ - 
* ” A . & _— = * 


is the Difference of the ſides AC & BC 13 1.813943 1 
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to the inward oppoſite Aue upon the fide produced : If they be les ihe 


I "RR 


=—_ CHAP. 
The Doctrine of Spherical 


V. 
"RIANGLES, 


Ster Containing the Aﬀettions of Spherteat' Triangles and hl 
@ thety Axioms, pur | "Er! mos 


L, er Triangle is that which is deſeribed on the Surface ol 
the Sphere. | 
2. The ſides of a Spherical Triangle are the Archer of three great 
Circles of the Sphere mutually interſecting each other. | 1 
3. Spherical Ang les are meafured by the Arch of a great Circle, inter- 
cepted between the ſides containing the Angle, the Pole of that Circle Wil 
being the Angular Punt. | | 
4. Thoſe are ſaid to be great Circles which divide the Sphere into two 
equal Parts | | | 8 
5. Thoſe Circles which cut each other at Right- angles paſs through 
the Poles of each other, and the contrarx. = 
6. In every Spherical Triangle, each fide is leſs than a Semi - circle-. 
7. In every Spherical Triangle, any two ſides together are greater than 
the third. Sg . 3 
8. The Sum of the ſides of a Spherical Triangle is leſs than two Se- 
micircles: - 4s 133 | s 
g If two ſides of a Spherical Ttiangte be equal to a Semi-circle, the ; 
two Angles at the Baſe ſhall be equal to two Right angles; if they be ll 
leſs than a Semi-circle, the two Angles ſhall be leſs ; but if greater than 
a Semi · cirele, the two Ang/es ſhall be greater than two Right · angles. 
ro The Sum of three Angler of a Spherical Triangle are greater 
than two Right-angles, and leſs than ſix. | | Sg 
11. Two Angles of any Sphetical Triangle are greater than the Dif- 
ference between the third Angle and a'Semi-circle ; therefore, 9 
12, Any ſide being continued, tho Exterior Angle is les than the two Wl 
Interior oppoſite ones, 5 3 "04598 1 
13 · In any Spherical Friengtes the Difference of the um oft.. th 
glet and a whole Circle, is greater than the Difference of ahd. 4 s 


and a Semi circle. i | #3 
14 In any Spherical Triangle, one ſide being pronuneh, if the other 
two fides be equal to a Semi-circle, the outward Ang'e ſhall be equal 


N 


/ e Triangle. 

han ent eie the outward Angle (hall be greater than the inwa 

Angle, it ry be greater _ a rage le the outward Any 
n 


k 
WopPo 
hal! — fry than the inward op 
Ti IM or Obllque-angled, 


15. A Spherical Triangle 1 6 ele 

* a mangled Spherical Aline, is that which hath one Right 
e at the leaſt, 

| 17 7. The Legs of a Right-angled Spherical Triangle are of the ſame 

_£4 fection with alt oppoſite Auger. + 

e of 18, In a Rightan 10 Sph bertel Triangle, if either Leg be a Qua- 

2 rant, the 1 r 7 ſhall be alſo a Quadrant; but if both the Legs be 

4 fthe ſame AﬀeRion (that is, be "ay 

rant) the Hypothenu/e is leſs than a 

Qions, then greater, and the contrary, 


uadrant, or if of different At- 


3 


ircle 3 19. In a Right-anghd Spherical Triangle, if either of thtngler at the 


95 pot henuſe be a Right Augle, the Hypothenuſe ſhall be a Quadrant ; but 
boch ſhall be of the ſame Affection, it ſhall be leſs ; it of different, 
ſhall be greater, and the contrary. 


ales are leſs than three-Right- Angles. 
21. An Oblique Spherical 1riangle is either acute or obtuſe. 
22. An Acute-angled Spherical 1 riavgle hath all its Angles Acute. 


d Se- (e or Mixt, viz. ſome Acute and ſome Obtuſe. — 9 
14, In any Spherica/ Triangle whoſe Angles are all Acute, each ſide is * 

:, the than a Quadrant. | # 

y be in Spherical Triangles there are 28 Caſes, 16 in 'Rebangular, and 12 

than E Oνν,ẽẽꝭ& Angular, The 16 Caſes of DOE reſolved by theſe 

es. o Aviom, following. 

eater AXIOM 1. 


W In all Spherical Reftangular Triangles, having the find Acute Angle at 


I ielr P erpendicular, n 
þ a AXIOM 1 155 


two "4 
u Spherical Resta gular . having. the fame Het Age it 
0 An-. e Baſe, the Sines of the he Eli 1d the Tangent: of the enen 


a 4 "Thar ar a the 


t at all the Caſes. of a Right-angled Spherical Thingmay be rab 

_ 1 by theſe tw Axiom. 
4 Tit ſeveral parts of the Spherical Triangle propoſed, muſt Minen 
3 to Quagrants, that ſo 9 be turned into Ie + 


9 N 2 * 
* * * 1 *. N 
7 * : * 1 
. ? N. . 
* "3% > 1 
53 


ater 4 both leſs than a Qua- 


20+ In 2 Right-angled Spherical Triangle, the Sum of the Oblique- 


e,; the Sines of the Hypethenuſa's are proportional to the Smes of 


= 
” 4 :, 
28 - 
. n ' - 
: "__ - 
. by a - 4 V4, 7 
. : * 
#4 > d . = 
- . 2” * 


23- An Obtuſe-angled Spherical Triangle hath all its Angles either Ob⸗ | 5 5 


FF LE ned... MM. 
* Of Spherical Triangles. . 

the Hypethenuſa's into Baſes and Perpendiculars, and the contrary, By 
which means the Proportions, as to the P arts of the Triangle given, in- 
ſead of Sines do ſometimes fall in Co-ſines, and ſometimes in Co-tan- 
gents inſtead of Tangents. Such Parts as do change their Proportion, 
are noted with their Complements, viz. the Hyporhenuſe, and both the 

| . Ang les, but the Sides containing the Right Angles do not ſo change. 
| Theſe are called the five circular Parts of a Triang/e, amongſt which 
the Right Angle is not reckoned, and therefore the two Sides which do 
contain it, are ſuppoſed to be joined together, | | | 
Each of theſe circular Parts, may by ſuppoſition be made the middle 
Part, and ther, the two circular Parts, which are next to that middle 

: Part, are the Extreams Conjun& ; the other remote 

from the Part aſſumed, are the Extreams Disjunct. 

As in the Triangle ABC, if Comp. AC be made 
the middle Part Comp. A and Comp C are the Extreams 
Conjun&, and the Side, AB and BC are the Extreams 
1 Disjun&: and ſo of the reſt, as in the Table following. 


. 9 * 


Mid: Part | Extr. Conj. | Extr Dis. 


4 

1 

i 
7 


AB | Comp 4. | 
2 | Cop 


Comp. A | Comp. AC 


i 


= 1 
WERS 7% 6 | AB_ aw % bod. * 1 
The Parts of 4 Right-angled e Triangle, being thus diſtin» 
gulſhed into 5 circular Parts, for the more eaſe [1 — all Spheri- 
— re — this Catholick and Univerſal Proportion invented j } 1 
Of 1M 
"The Sine of the Middle Part aud Radiug,are reciprocally proportional 
to the Tangents of the Extreams Conjun&, and the Co- ines of the Ex- 
ereams Digjunct, 1 


That is J Av Radius to the Tangent of one of the Extreamg Conjundt 21 


Az 


g ' 
\ 


| wn | 2 * * ka N 9 a — * * 
1 len Triangles 0 
de the Tangent of the other Extream ConjunR, to the Sine of t * 


By 


, in» iddle Fart. 1 
tan- And alſo, as Radius, to the Co-fine of one of zhe Extreams Dis- * 
1 a; ſo is the Co · ſine of the other Ex tream Disjunct to the Sine of the _ ® 

the Fiddle part. | 4 
inge. There re if the Middle part be ſought, the Radius muſt be in te 
hich a Place; if either of the Extreams, the other Extream muſt be in the 


1 do ſt Place. 

oOaiy Note, that if the Middle part, or either of the Extreams Cou- 
ddle he, be noted with its Complement in the Circular Parts of the Tri- 
ddle ie inſtead of the Sine or Tangent, you muſt uſe the Co- ſine or Co- 
note gent. ; ; ANT f 
X, It either of the Extreams Disjun& be noted by its Complement in the 
nade cular Parts of the Triangle, inſſead of the Co- ſine you muſt uſe the 
ams ot ſuch Extream DisjuuR, | : 
rams What the Directions may be the better underſtood, there is in the 
ble following the Circular parts of a Triangle under their reſpcRive 
es, whether they be taken for the Middle part, or for the Extreams, 
ter Conjun& or Disjunct; and unto thoſe parts there is prefixed the 
= and Co-fire, the Tangent of Co-Tangent, as it ought to be by he 
olick Proportion. - * * 


ving. 
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= : n all Spherical Triahgles, the Ines of the Sides are in direct propor- 


do the Sines of their oppoſite Angles, and the contrary, 
J 9 „ AXIOM 
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"To the Co-ſine of half their Difference; 


9 8 252 


| vl * 

i a 
36 of Spherical Triingles 

AXIOM 4 

In all Oblique angled Spherical Triangles, in which two Sides are eſe: 
than a Semi-circle : » 

As the Sine of half the Sum of the two ſides, . 

To the Sine of half their Difference ; 

So is the Co-rangent of half the contained Angle, 

To the Tangent of half the Difference of the oppoſite Angles, - 

And, As the Co-ſine of half the Sum of the Sides, 
To the Co- ſine of halt their Difference; 

So is the Co- tangent of half the contained Angle, | 

To the Tangent of half the Sum of the oppoſite Angles, _ 

AXIOM 5. 

In all Oblique angled Spherical Triangles, i in uu two Angles kb 

than two Right angles. 
As the Sine of half the Sum of two Angles, 
To the Sine of half their Difference; 
So is the Tangent of half the interjacent Side, 
To the Tangent of half the Difference of the oppoſite Sides 
Aud, As the Co ſine of half the dum of the Angles, 


Sa is the Tangent of half the interjacent Side, 
To the Tangent of half the Sum of the oppoſite Sides. 
- AXIOM 6. 

As the Rectangle of the Sines, of the containing Sides, 
To the Square of Nadius; 

So is the Rectangle of the Sines of half the Sum of the three Sides, 

and of the Difference of the oppoſite Side therefrom, 
To the Square of the Covrſine of half the Angle ſought, 


This being premiſed, the ſeveral Caſes ſhall be ſet down, with he 
Anologies, and reſolved by the Logarithms, . 
Firſt, Of R. G Triangl Un 
T hen Of Aue. = 


35 C II. of Right-angled Spherical Daub ä 
. Caſe I. 
AST Leg, we an Angle oppoſite thereto, being given to find the ches! 


eg; if it be known, whether the ne or other Angle, | 
be) greater or leſſer than a Quadrant.“ J — 


4 


- N 
R. 
* 


other 
gle, 6.17 435 
pple = 


Wo There i 15 given, 


. 
3 here is given, 


8 wo 7 * . - * 
. * * 4 bo G's * 


2 ef, cal 7 W A 


| Example. 
the Triangle ABC, _ 


\C 5 +4 FAB required, 
The Operation: 


sos is t. BC 17 3 — 
4 II. A Leg and an adjacent Angle given, to find the other Leg: 


Example. 
Ihe Triangle Abc ä ates . 


The Operation. 


9 * — —— 


Cafe II. The * — to find an TW 


vambli. 


he Triangle ABC,” * 


ere is given, | 
5 5 8 77 19 AC ä 9 
i The Operation: - 1 g 


i 
(| 10 Radius —— — — 1000000 
9 


o te. BAC required, 23 320ͤ—xäͤöͤͤ· 10 N. * 
IV. The por henuſe and a Leg given, to find the contained 
ample... In the Triangle ABC, 


0 400 1 required .- \\va0 Us 
NF * 


U 
R 
* 


Md 


4. A 17? 43* ———_— — Log. 9. 504418 \ 


To tc BAC — — 10 361698 
— ͤ— — 104 19 | 


10 s. AB required, 47* 17 — mn — mmm 98661 16 


8 is given, \ 
23* 30' 
47 19 FBC required, 7 b. "FN 


te. BAC'23* 30 — — ES 98 


IV x 


8 of en In 

= The — 
As Radius — — 
Sois te. BC 1725 — —u—u—B —- — — N. 0 %%% 


To ſc. ACB required, "I — T DD 
Caſe v ar * and the adjacent Angle given to find the Hypothenuſe. By 


— In * Triangle ABC, 
T here i is given, We 
4 ; * oy 3% Ac required | 


19 5 


5 The Operation. | 

To 1 — — — — 10. — 

So is ſc, BAC 23* 3ͤͤL'!x!ñ᷑ łä.7ĩ — 0.962397 * 

To de AC required, 9247 — —U— — ———— 927 239 

Caſe VI. The Hypothenu 4 and an Angle given, to find the Leg ad) ad 

cent to the given Angle. 

Example, In the Triangle ABC 
Thete is given, 


AGB 94* i 
AC 4 4h JBCrequied 
The Operation: 


As ke. AC 49 43— . — — — — 1 \ 9106 900 1 


o Radius — — — — 10,0000008 
de |; fe. ACH 74 1 — — is 9 


To With required — 3 — — 10 


Caſe VI The Sag th An les Al 


ACh Thery lug given, 
— 5 BAC or 18 AC required 


The Operation, | 
Ay Radius —— ——— — — —— Log. 10 0000008 


To tc: ACB 749 :; 9 448,518 
80 is te. Ni, 30 — eee 1 n. \ 


To ſe. AC N 4 — — — 1 Hes 
Caſe VIII. The Nuno e and one of the Angles given, to 4 
the other Angle. 


— R 


| Example. 


00000 BN | the Triangle ACB . e 
168900 KT et” 5 
1 74 19 | | 
_ [hue | —4 


The Operation. 
To IE — — —— — 10.000000 

| ke. BAC ets ef 31 — — — — — — 10.361511 
We 1%. The 8 and an Angle given, to find the Leg “4 
ite to the given Avgle. * 


1 a) 
| þ ne Triangle ABC, 
W here is given 
398 23” zo p80 required | 2 
r * 4 a 


As Radtus 1 —ʒ — — —— > cm_ 600600 


ro . BAC 0! — —— ———— 8b 
j \i8GAC * 5 — — . 982 's 


Wm ulred 17 4 1— — — ne aa 
Leg and an Angle 1 Op polite Mar deln 412 to dts 
48896! 4 or if it be known n whether t of the 


290000 
MI. 


EL 


2W way . than a Quadrant. 
Trhngle \ ANG, 


(7 x 


| the 


az® 10 — — —— — Log. 
Ys CO CER Cogn CR — 
la . BC 19® A 5 ů 76000000 


Wo. AC required — —— —— | 
. — 1 Te pn a Leg W 1 


Wi) 4 
BAC, 
dlu 


7 


' 
n 


ho, * 


o 


2” 


th. eee Tl 


-@ In the Trang ABC »* "TM 
©] | 38 15 isg Piven | | 
| 49" 48 
mn 3 \BC 19-6 > BAC required. 55 


. The Operasion. f . 
AA l. 40 49 48“ — — — — Log. 2.82927 
To Radu EX An 


10 u 7 ERR, yy 


| 000 \ W required, 2 235 185 —— 5.6603; 
i} 1 . ae 6% Leg, bh ati 4% Adjacent qhereutto being given, 40 Rad 
1 Example. eee 1 
| wy N. N 
| Ach ” 5 U lde required = 

'As Rights men = nn yas RA Log: 16.0000 


- > — _ _ — — 
- — - - — - 2 — 
— D — — 2 — — — . — = 
a> — = _ _ = _ 3 — 
— — — — —_ bo — — = — - 4 


To f ACB. — — — }}, 
BAG round lee eee 
' i ang an U te there 

_ other g's i If it be know — —— ir, the ether por 
3-0 greater or leſs fte Quadrant, 


Alle 


— 10 
nd 1 


r the: th 


-- — 
_ - _ — 
: — —— — 
— — — 
— * — — — — 4 
= — — — 
— — — — — 


1 "Bug le, In the Triangle AB 0. 
1 Thers i given, 
| 1 x) 235 30 
Mud B - BC 7 30 FAC ACBrequired * 
11 | 5% "iſe _ The Operation. | | 
As ſc. BC 17 4 — — 3 
To Radius —— —=— ———— as — —— — 10 000000 


. So is ſc. BAC, 23* 30 —-— Tee Tn 
0 17 To L mo re quired, 74 1 —— — — ene 1 
1 2 


| tothe Triangle 480. A ARS he 


There 1s given, 


ACB 74* 1 2 
BAC 23 36 De regulend | K 


— 5 


ad m * 


2 * A. 


4 
. l 
=y 
= 
- : +4 
+ n 
. 2 
I 4 ö 
- 


— 91 2291123 


To Radius Ae Wb, 
So is ſc. BAC 23; 300 — * 10. — 


To ſc, BC required, 17 43" =——— .— we 55 
Eaſe XV. The Leg iven, to find the Hyporhernſe. 
#4 


ln the Trlangle ABC 
There U given 


AB 19 
10 4 ry 740 * 1 


As Radius N — — —_— Log. 1 . 


Te 19 * 47 19 — ——2—— — 
Ze 17 43 — — ee 11 


Te 15 AC required 4 17 mamma manemns be 
Caſe XVI. The Hporhennſe and a Leg given, to find 


Example: 4 
In the 91080 ABC, ' 
There is | 
2 4 "my required, © 
FN. The "peration 
As ſe BC 17“ 43 - — 9.978898 
| To Radius 2 2 — — = [0,090000 


So is ſc. AC 499 48 7 —.—.—.— 155 
To ſc. AB „ 4721¹⁷ —- 9% 


8 — —— 


. 


8 


SECT. I. Oo Oblique- angled Spherical Triangles. 


Caſe 1, 


WO Sides, and an Ang le oppolite to one ol | then being given, 
find the other . te Augle; if it be known, — the Ang 

ſought be greater or leſs than a Right-Ang/e. 
G Example, 


— — 


* 
94 , 
* 


* 


Example. 
In the Triangle ADE, 
There is given 


| 4? CADE required 
5 — i 0 being Obtuſe 
o_ The Operation. . - Ov: Avi 
As . DR 48% 18 ———.— — lege 206169 
» To f. DAK 17 Of cn—_—_—_—_ ä. e — — 9 755 e6t 
$0 is f AE 6g 47 —— —_— 7. 
To . ADE required 1149 gg! rn nance nents === fins 
Caſe 11 we Angles and a fide oppoſite to one of them, being yi» 
ven, to find the other oppoſite fide ; it It be known whether lt be dea. 
ter or leſs than a Quadrant, 75 


4 - Of Spherical Triangles, 


Example 


In the Triangle ADE, 
There is given 
8 


ADE 114* 38' 2 AD required, 
AED 45 oo Fe leſs than a 


| Quadrant. 
10 | 


L | The Operation a Co. Ar. 

As ADE — 114 38 — — L. 0,449 
To ſ. AE — 69 47 — — 9.872384 

So is ſ. AED—q45 005 —T— —4 — —— 9.84948; 
To ſ. AD required, 46* 53 —— — — 19.863308 

8 The Reſolution of this and the farmer Caſe depends upon the: third 
ion. ä | | 


AE 69 47 


Cafe ITI. Two ſides and their contained Angles being given, to find 
the other Angles. 
Example · 


In the Triangle ADE, 
There is given, 
DAE 37? 03'\ ADE 
AE 69 47+ and required, 
AD46 53 {AED | 


_ , 


/ Spherical Triangles 
The Operation: 


AE 69* 40 
AD 46 


Sum 118 A halt dun 10 10 
pi 1 J half Diff. 1127 


DAK 37 oi half thereof is 183 1 


Av fe. Lera, AK andAD jo 10 — — — leg oeh 
Te 1 e112 11 17 . 9.9770 


80 is te. | DAE ww — 1} i. eise 
Tor 4X . Dand K 4 y tn mompmmnrms nas nes == dg 4a fxg 


4 
uu Zerg; AE and AD gy 10 == — —— Log. 0.499861 
+; 6 Ker LI a on wane wn wee: = — 999106 
80 ig te; DAE = === 18 3; —-—.— norm om 10.47 F060 
Tot, | ZU D and E 99 4. ——— nn $0,746 190 
12 D and E — 79 49 : 
1 RN 6g ——— 34 5t | 
Sum, 114 40 255 F 
Rem. 44 5 D require ; 
. Having by the fourth Axiom found the half Sum, and half Difference, 
of the Angles; if to that half Sum you add the half Difference, the 
Lotal is the greater Angle; and if from the half Sum, you ſubtract the 
half Difference, the Remainder is the leſſer Angle ſought p 
Note; ) If the Sum of the two containing ſides exceed a Semi Circle 
then ſubtraR each ſide ſeverally from 180, and proceed with thoſe Com- 
plements as with the ſides given in the Example aforegoing- The Opera- 
tion produces the Complements of the Angles ſought to a Semi-circle, 
Caſe. IV. Two Angles, and the interjacent ſide being given, to find 
the other ſides. 


be IWR Wo - 


| — * 
In the Triangle ADE, - 
There is given, 
DAE 26 KARE 
ADE 137 55 <and F required. 
AD CDE“ | 


1 50 


G 4 a 


—— 
Wi 5 % * oy 


Wl ” _— ”. Spherical Trianglee, 
11.118 . The Operation. 
209% is 
um 164 18 + Sum ba* o 
Diff. 111 33 1 1fl.— 1 46 


AD 81 0 half thereof 40 55 Co. A.. 

As f. Z ( A and Donny? og) won — o0g.0.004089 
To} % —.— „ > = 9919176 
7 


So is t. 2 AD . 40 35 5ůͤ — — — 0. 


To t. X cr AE and DE 35 ya -——= — —— I9,$59353 


As ſe. ZLs A and D — 8% og —— — Log. 0.864613 
To ſc. ; X68 —— — 55 46 — — — — 9750172 
So is t.. AD — — 40 55 — — —9.937887 
| To ts 1 ZAE and DE — 74 . — 10.5 5267 
Z cri AE and DE — 74 21 
. 
Sum 110 13 AE 
| Rem. 38 29 581 requires 
The Caſe is wrought by the 5th Axiom, and the half Sum of the . 
| Sides added to the halt Difference,g ives a greater Side; and the half 
Difference ſubtraRed, leaves the reit. | 
61 Note, | If the Sum of the given Angles exceed 180 ſubtract each 
45 from 180? and proceed with the Reſidues, the Operation will 
produce each ſides Compl. to a Semi- circle. | 
Caſe V. Two ſides and an N- oppoſite to one of them, being gi- 
ven, to find the third (ide z it it be known whether the oppoſite Angle 
ofthe required ſide, be greater or leſs than a Quadrant 


—_ 
In the Triangle ADE, 


+ There ie giveg, _. 
ADa®* x | Cheng tas uir'd, 


DE 18 18 Cbeing leſs than a 
A AED 45 do Quadrant. 
The Operation of this Caſe depends upon the 34 and 5th Ane. 


Firſt, By the 3d Axiom find the Angle oppoſite to the other given fide. 
Secondly, Having two ſides, and their oppoſite Angles, an find 
the third (ide by the former part of the 5th Axiom inverted, 


» 


Of Spherical Tagen. 41," 
; | 670 The Operation, h Co. Avi © 
4149 — 46 5} 


— — — 0.146699 j : 
80 is ( DE—— x 


19—ůÄ—— CE mon ' 
DAE — 03 — — 
To ſ. DA 5 1 — 


1 DAE 9 | 1 
Num 5 oz half Sum, 41% 01 _ 4 
Diff 07 57 half Diff e; 58 8 . 

AD 46 $3 | ; 


4 
As 8. X(s A and —ů— 03 58 — Log 


Co. Ar. 


„1.160034 
r N 


So is t. } Xcr*, AD and DE— 04 12 ——— —— ele! 
1 n 


; AF Weed 


Caſe VI. Two Angles and a (ide oppoſite to one of them, being li- 
* find the chi Angle, if it be known, whether the oppo te 
ſide or Angle required, be greater or leſs than a Quadrant. 


Example. 


In the Triangle ADE, 
here is given, 


DAE ; oz Jabs Wade 


18 ff 10 & being Obtuſe, 
The Reſolution of this Caſe depends upon the dand 470 
Firſt, By the third Axiom findi the fide oppoſite the roy yer 
the 


nah, Having the two Angles, and their ſite ſides, th 
Angle may be found by the tormer part of the fourth 40 mh 


46 Of e Triangles, 
| U 0 0 0 
beo * 8 eration 
0 1. AD 6 53 — i Conn Hoey —ñä—6. n= ans I 
an 5 j 1 _ 19.864351 
DE 38 28 
Sum 7 JT dum, 42 40 


Dif o8 21 Diff. 04 12 
KED 45 oo | 
„DAE 37 03 

Diff. 07 57 Diff. 0z 58 


Co. Ar, 


Asſ : Xr. AD and DE 04 12 1 L 8 
To ſ. ct. 42 40 1 I 
So is t. X Ls A and E 03 58 —-.äx⁶ . 1. fllooo⸗ 
To te. + AD required, 57 '9 — — 
114 38 required, | 
Caſe VII. Two Sides, and an Aue oppoſite to one of them bei 1 
ven, to find the contained Angle if * known whether the * 
oppoſite, or the Angle required be Acute or Obruſe, | 
Example. SY D 
In the Triangle ADE, | 
There is given | ? 
AED 45* oo'» DAE required 
AE 110 13 T being Acute, 
AD 81 307 A 
/ 


This Caſe is wrought by the help of the third and fourth Axiom, 
Huſt, By the third Axiom to tind the other oppoſite Angle, 
Secondly, By the fourth Axiom to find the contained Angle, 
* 7. 


61¹⁰3—— —— Log © 664447 


As. AD 
10 ſ KD 


80 is AR 11011 = A —— FI. 
of ADE 14} $5 6000 Tg 


1 
1 


\ * 


- — —_ —_—_— Log. 9. 20035 | 


Co. Ar, 


a. « © BY 


45 00 — . — —  —— 4548 7 | 


0 pberical Thiangles 47 
ADE 237 55 | 
AED __45_00 
Diff. 92 55 halt Di, 46* 2 
AE 110 13 
AD 81 10 . 
„Sum, 192 03 half Sum, 96 or 
Diff. 28 23 half Diff. 14 11 
As l. a Reta, AE and AD 14 11—2LÜU— Log. 0.610789 


To .; Zera 
So is t.! X C D and E 


To te. 1 DAE required, 
DA 


Caſe VIII. Two Angles and a ſide _— to one of them, being 


given, to find the interjacent 


— — 


96 0 3 —— — 9.999601 
132 1 — — 10 fer 
13 11 

E 26 23 required, 


ſide, if it be known, whether the other 


oppolite ſide, or {ide ſought ; be greater or leſſer than a Quadrant, | 


D 


N 


E 


This Caſe is reſolved by the third and fifth Axiome, | 
Firft, By the third Axiom, to find the other Oppoſite (ide, 
. Secondly, by the fifth Axiom, to find the interjacent (ide, 


| ; The Operation. Co, Ar 
As DAE 7 02 — — — 1 este | 
lo .DE 48 28— — —— 9.9; 


To ſ. AD 46 534 — —.„é ie — —— 9 $6335 


AED * oof 
DAE " 


Example 
In the Triangle ADE, 
There is given, ' 
AED 45“ Oo% AE required, 
DAE 37 1 Gbeing leſs than & 
DE 38 a8 9 Quadrant, 


: * hn 
- ' : by a 
* 


9 Spherical Triangles "RA 


48 

| 11 2 | 3 ; Co A,. 
64. To ſ. 126 -——— — 41 01 — — _ 9.817088 
So is t. Xcrz, AD and DE 04 13 ——— —— —— 8.865905 


| 4 | * Tot. 4 AE required——34 52k — 79.843037 


1 
6g 44 required · 


Caſe IX. Two ſides and their contained Angle being given, to find the 
third ſide. : | | 
5 Ry Example. 


In the Triangle ADE, 

There is given 
ers... 
AD 81 50 CAE required 
DE 38 28 | 


The Reſolution of this and the following Cgſe is deduced from the 
Lord Napier f Catholick Proportion (the Oblique Triangle by a ſuppoſed 
Perpendicular being reduced into two ReRangulars) by the Ingenious 
Mr, Collins, in his Seftor on a Quadrant, whom in this I ſhalNmitate. 


The (peration 

As Radius -— —— —-—— =—— —- Log. 10000000 
To ſc. ADE the contained Angle 137 5 —= — — g,$7050; 
80 is t. DE the leſfer ſide = wn; 1} ———= --_ 9.956086 
T0 t. of 4 toutth Arch === = jo $1 -— 19970589 
If the contalned Angle belefs than g“, ſubtract the fourth teh from 
the greater ide! but kt be greater than 90, From its Complement to 

10% the Remalnder Is tie Refidual Arch, ab 
6: A} 


As fe. of the fourth Arch ===» === % — want ,004 755 
rr fl 

80 16 ſe. of the leffer de 5E i0 == === mms |} 
won 


60 IP. of the — N. 110 8 — Fo i 

' wo the inter 

Len rjacent ſde being glven, to ff 
| : 


rg n IO * 
3 9 Aa 
Of Spherical Triangles, = 
Example. 
in the Triangle ADE 1 
44 There is given 
588 0 | 
2. ADñE 114 39 "IA 
237 DAE 37 03@AED required, « 
r A . 
1 | The Operation. 
the As Radius | | — — Log. to 000000 © 
To ſc. AD the interjacent Side, 46* 53' —— —— 9.834729 
So is t. DAE the leſſer Ale, 37 03 - 9 877903 
To t. of the fourth Arch, 27 17 79. 71263. 
It the interjacent Side be more than a Quadrant, ſubtract the fourth 
Arch from the greater Angle, if leſs, from the ſaid Angles Complement 
i to 1805 the Remainder is the Reſidual Arch. : 
red ps; Co. Ar. 


As. ſe 4th Arch 27 17 — — 0.051221 
To ſc. Reſidual 4 — 38 0 4— — 4— 9.896 136 

So is ſc, DAE, the leſſer Angle —37 03 _—= —— — 9.902063 
To ſc. AED the Angle required —45 o ————— 19.849419 
In this and the foregoing —_ AﬀeRion of the required Side or 


—_— a be determined by the Reſidual Arch. ; 
or it the contained Angle, or interjacent Side be leſs than a Qra- 


drant, and the Reſidual Arch more; or when the contained Ae of 


interjacent Side is greater than a Quadrant, and the Reſidual 4vth, 


leſs, the Side or Auge required is greater than 907, in all other Caſes leſs 
Caſe XI. Three ſides given, to find an 4. 


vere 

Ih the Triangle ADE, 
There is given, 

$34 


9 1 
ſo "er required, 4 


© The Solution of this Caſe depends upon the 3 Awiom, and for the | 


more ſpeedy Operation, take this brief Dlrectlon. | 
Add the three ſides together, and from thelr half Sum ſubtract the 


Side oppoſite to the Ang/e required: a 
. | H | Then 
” nn "VIA | 1 2 ** 9 50 
2 7 1 me "nA 1 & 1 "RF . } % * Es * 
| . ; | wr a * 0 1 e 


* 


30 Of Spherical Triangles. 4 


| | 19 | 
Which being doubled,gives DE 38 1 required. 


* 


. F 
, | „ 
* i 4 | 
* * 8 .* 
* ky = K . 
SH 


. 


* 


Then to the Compl. Arithmetical of the Logarithm Sines of the con- 


taining Sides, add tne Logarithm Sin2s of the half Sum and Remainder 
halt che total of theſe four Logarithms is the Sine Complement of half | 
„the Angle required. | | 


The Operat jon. . 


AD 81 ;o] The containing | S Co, Ar. 0.004427 
DE 38 28\ Sides - S Co. Ar. 0.206169 
AE 110 13 + Sum 115* 15'S | 9.956387 
Sum, 230 31 Rem, o 028 5 2244174 
Sum, 118 18 . Sum 19.110157 
Remain 3; 02 ſc. 68* 59 + Sum 9.55 078 


Which being doubled produces ADE 137? 54 required 
Caſe XII. Three Ang/es given, to find a Side- 


Example. 


In tne Triangle ADE, 


| F 8 There is given 
+ 2A 


ADE 137 5% 
AED 45 6 DE requited 
DAE 6 23 


This Caſe is likewiſe performed by the 6% Axiom, the 4ng/er being 
converted into fldes and the Sides intodug/er,by taking the Comp, of the 
greateſt Ang/e to a Semi ciyele, fs 5 | 


Compl. ADE 43 05 The a: jacene} 8 Co. Av. 6.171789 
AED 45 oe - 1 Cs Ar. n. 
9 —— 2G 24. Sum, $6* 448 | 91933373 

um 113 28 Rem, ze 218 __ 97035930. 
EEE 46... ä Bum, 19,950108 


Rem. 10 21 ſe 


9 1 Sum, 9.975054 


Tf the greater fide AE were required, the Operation would produce 


the Complement thereof to à Semi- circle, which ſubtracted from 186 


it leaves the ſide ſought. | 
| | CHAP. 


r 


. 84 * 8 * ? 1 * | a * * POT b r N "4 * | 
tt, oaths hs 5M f - wait: 1 oo 
CHAP. v. | — 79 

The. Dottrine of Plain Triangles applied in PROBL x MS f 
8 Plain Sailing. E. 
1 F 


— | C 1 


Sz cr. I. De Application of Right-angled Triangle in Plain Sailing. 


' Lthough the Ground and Projection of the Plain Chart be 6 
erroneous, yet ſeeing it is more facile to the Learner, and 
may ſerve as an Introduction to what is more difficult, it 
ſhall not be omitted. 


PROB. I. The Courſe and Diſtance, ** to find the Difference of 
Latitude and Departure. 4.11 
Example. A Ship Sailing NE. by N. 3724 Minutes I demand | 

her Difference of Lacitude and Departurs, 

* Plate 1. Fig 1. 


In the Triangle A BC | 
AC repteſents the Diſtance ſailed: - 5 2 * 
AB the Difference of Latitude + 
BC the Depatture. | | | 
BAC the Angle of the Courſe from the Meridian, | 
ACB the Compl. of the Courſe, | 


The Operation. Pr the Difference of Latitude, 
Ai Rad fig am: = n—_— ITED === Log. 10 609093 


To the Diſtance allen 7 — — 1.97074 
bo is (6. of the Courſe . — 4; yg 


Jo the Diſt. Latitude — 192. 4400 bs! 


Hor the Departures 
As Radius —— —— Log. 10-000000 = 


To the Diſtance falle - 373, —— — . %% 
80 is 8. Courſe —— - —.— 34 — ——. 9.744739 


To the Departure — 207 . 315283 0 
PRO B. II. The Courſe and Dis, Latitude being given, to find the 


* Diſtance and Departure. 


Example A Ship failing NW, by N. until her Difterence of Latitu e + 


be 30g', I demand her Diſtance — Departure. . 


«6 
8 


N 1 0 * of & 
5 r „ Y * | 0 "OE #4 8 
k 1 5 ” N ** _ - N 8 12 8 
Nenn | 8 | e "Ma... FW. 
r a a EEO "Na . n 8 


” 
* 7 - 
a + 


| [ 4 : E. of % A N N C 1 * i . F 0 . 
14 ay . 436 * 4 y_ a — 9 d 3. as ths. 
te * Co 1 . - | © # Se 2. * 9 * * 
| | | g * E 1 g 9 a n 7 * 
| [ i 0 a 4 : _— * * - w K p 8 > Y . 5 = \ 
I - 52. * ain Sailing. a ts. 
6 
| * 1 Plate 1. Þ 
17 el 2 


The Operation. For the Diftance, 


As ſe. of the Coutſe = on 334 og. 9.919846 
To the Diff. Latitude 309 ——.—— —— 4.489959 


2 


. 8o is Radius 3 — — — —— lo oooooo 
To the Diſtance ſailed — cy as co 2,7011) 


Foy the Departure, | 0. Ar. 
As ſe. the Courſe == — 33* 45'—— Log o.oBt54 
To the Diff, Latitude = —— jog ——— co—_ -- (gg 
80 6. Courſe — jj . — - 4,56 
Io the Departire — 207 —— — 1477 
PROB III. The Courſe and Departure given, to find the diſtatice and 
difference of Latitude, 
Example, A Ship (ailing 8 E. by 8, until her Departure be 206, 1 
demand the diſtance and difference of Latitude, | 
D Optrations Fur the Diflance, Plate 1. Big 3. 
As f. Colitfy . — : 47 en __ 9,447 
To the Departure — 0 mom — 14% 
| Bo is Kad nin coom—_ = —— — t 6,000 
To the Diſtance —= 71——— — jg; 
For the Dire of Latiinde, Co, Av, 
As f. Courſy === = , Leg. 0.459901 
To the Departure —= ===" 206 monmnmmnn 25711667 
8o is ſe. Cours 61 nr nes = gg i986 
To Dif Lat, * — —_—— I ——ů — 44 488974 
PROB, IV, The Diſtance and Difference of Latitude given, to find 
the Courſe and N | | | 
Exam, le. A Ship ſails between the North and the Eaſt 372', until 
her diff. of Latit. be 309“; I demand the Courſe and Departure. 
The Operation. For the Courſe. Plate 1. Fig. 4. 
As the Diſtance ſailed — —--- 372 — —— —— Log. 2.570543 
To Radius —— — 10 000000 
So is the Diff Lat. 399 — —2 8879 
To the ſc. Courſe — — 33 45 — — — 9.919416 
| For the De; arture. 
As Radius — — 


_ — — * — Log. 10. 00000 
To the Diſtance ——— — 372 ——— 2.570543 
So is the ſ. Courſe — —— 33 .. 2:744739 


To the Departure — 9— — 207 —— -. ——#2.715 282 
PROB 


CY 


a r ” 1 
* 
| BY” 7" r K — i 


ROB V. The Piſtanee and Departure given, to find the Courſe and 
Difference of Latitude. | E. 


© Example, A Ship falls between the South and the Welt 353“, unt! her 
Departure be 207; I demand the Coutſe and Diff. of Catit 2 of 


Plate 1. Fig. 3. 

The Operation, For tht Conſe. 
As the Diſtatice =— «mm; yy) — .. Log. 3,090 
To Radius — — — — — — 1.00000 


So is the Departure — 207 ——2—.—— 11 

To the 8. Courſe 135 47 — 
Nr the rente of Latit udp. 9a. 
A N4duu - — — — «ð3rV ꝙ̃ Log 10.000000 
To the Diſtance oc — wie} Yen —— $5 Of dt! 
80 is (6: of the Courſy oe 1, 4 eo - 9g 


: ys 4 7 
FF . 
mY 5 


* 


+ L * x * N 
* 


* 


To the Diff. Latitude ——— 11405 
PROB VI The Difference of Latitude and Departure given, to 


EL 

69 the Courſe and Diſtance, 

99 Example. A Ship falling between the South and Weſt, untll her differ, + 
H Lat be ge and her Departure 30 1 demand the Courſe and Diſtance 
Af, : - Plate 1. Fig. 6: 
61 \ The Operation. Fir the Conrſe, 


As the differ, Latitude jeg — deen 
To Radius —— — [0 000900 
80 18 the Depariute— 207 noms 1 

To the t. Courſe noone mom 3; —— 9,860 
| For the Diſtance 


4. To the Departure 207 ——— __ -- 2370 

343. So is Radius — 10,0000 

000 To the Diſtance 372 — — 2.571231 

959 PROB. VII. This Problem ſhews the manner of working a Traverſe 

416 and is very uſeful in keeping a Reckoning by Plain Sailing 
Example Suppoſe a Ship bound to a certain Port, and ſhe fails thi= 

000 ther, 88 W. 40 Minutes, then SW. 60 Min. then S. by E. 63 Min. 

543 WSW. 49 Min. the: SE. by outh 56 Min. I demand the difference Þ 

222 of Latitude and Departure che Ship hath made, with the direct Courſe * 


and Diſtanc e. 


* 


* '” 4 


* - 


54 | * 3 Plain Sailing. | a " * 4 - 
The Operation. For the Difference of Latitude of the firſt Courſe, 


To the Diſtance _—— ——40 — m—_—_——_, 


So is ſc. of the Courſe — 22? 30 — 
To the Difference of Latitude 36! ³ðꝗ . 1.567675 

| Hor the Deb arture of the firſt Courſe. | 
As Radius — — — — to oooooo 


2 
South by Eaſt | 63 1112 : | 

WSW 49 18 47 
ine 


1 | 


| The Explanation of the Table. v.27 
For the placing of the Difference of Latitude and Departure in their 
proper Columns, obſerve, That if the Courſe be North, the Difference 
of Latitude is put in the North Column ; if it be South, in the South - 
Column; and if the Courſe be Eaſterly, the Departure is put in the Eaſt 
Column ; if Weſterly, in the Weſt Column. Wy 
Thus having fram'd the Table, add up the North, South, Eaſt and Weſt 
Columns, whereby the Diff of Lat. appears to be 263' S becauſe there 
is nothing in the N. Column; the Dep. 59. W. becauſe ſo muchthe W. 
Column exceeds the Eaſt : By which Diff. of Lat. and Dep. find the 
direct Courſe and Diſtance as follows. | g 
The Operatiun. For the direct Courſe. 

As the Difference of Latitude 203 —-— —— ---- — ——2:307496 

To Radius ... ——_— - — 7 0.000000 

So is the Departure 59— — — —— 1.770852 


To the T. of the Courſe 16* 12 SW. becauſe 9.4033 56 
the S. and W. Columns exceeds the N. and E. 7 . For 


6 7 1 ls 5 : 

4 1 - 
* "TO a. tes Nen N 

1 9 2 * , 


* 


ee . 
3 


Plan SalW. oo 


6 For the direft Diſtance. | 

As ſc. of the Coarſe 16? 1 — ——— 08240 
To the difference of Latitude, 203 == .. = 07496 
So is Radius Na — — 20 588889 


To the diſtance required, which is 211 Miles = 3.315090 


Sailing. 


PROB. I, WO Ships|ſail from the lame Port, the one ſails EM. 
40 Min. the other E. by &. ſo lar, until ſhe find the firs 
Ship bear N by . I demand the ſecond Ship's diſtance from the 
Port, and the Diſtance between the two Ships, Plate 1. Fig. 8, 
In the Triangle ADE, | 
A repreſents the Port, | 
AD the ENE, Courſe, and AE the. E. by & Courſe, 

Hence there is given the Angle D4E 3 points, or 33* 45' (che Angle 
contained between ENE, and E by S) and the fide AD — — and 
the Angle AED contained between V. by N. (the Courſe from E to 4) 
and Ni. by W (the Courſe from E to D) by Caſe the firſt, to fird 
the Sides AE and DE. 5 | 


Stor. II. The Doltrins of Oblique Triangle. applied in Problems of Plain 


. if te fr rs ON 
As f. AED 


I | Co. Ar. 


= 
22 30 - — — — — Log. 0.417161 


To AD — 40 — — — — 1 Ccoꝛcc0 


9919846 


So is . ADE — 123 45 ——— — F 


To Side AE ——87 1 — 5 
To find the Diſtance berween the Ships DE, 39067 


As ſ. AED — 30 —— — — Log. o. 417161 
To AD — — — 40—— ——— — — 1.602060 


So is [ DAE—32 45 — ——.——— — 2421 


To DE ——'— $8 — —— ——— #1.763960 


PROB. II. Suppoſe there are two Ports that lie Eaſt and Niſt one 
from another: one Ship ſails from the Weſtermoſt Port NE. 41 
the other ſails from the Eaſtermoſt Port 8, and meets wich the firſt 
Ship: I demannd the Courſe ſteer'd by the ſecond Ship, and the di- 
Rance between the two Ports. 5 Plate 1. Fg. 9. 


STAY 


Co. Ar. W« 


* 
. * 1 a * 1 | *, , 0 . - . Le: l = 
* 1 Ws R - *., 9 4 : 4 wm 4 4 J | b 
mw — ” 1 os &S l 7 - *.3 
2 D an ju e r 
*. 1 my 8 W : 2 * > 1 1322 — — F iis 4 7 * 2 14 '4 * . 
4 Fi &#; " i, : * * » a FIN 4 * . . 15 0 „ = ; * 4 F - 
* ww ; 5 9 = J "WF . : 1 . | — Y 
F * 2 Oo * 


- 
: = 
g * * 
$ * * SIS... 
i . My . 
m LU 


" 


” 
k BL 


A Plain allg. 
Let A repreſerit the Wiſtermoſt, 
E the Enftermoſt, ; 


AD the Courſe and Diſtance of the firſt Ship, 
D the Place where the Ships meet, 


The Operation, 77 find the ſecond Ship's Courſe, by Caſe 2. Co. Ari 
As DE -— 2 — 80 — — —— — — Log. 8.096910 
To ſ. DAE ———45” 09 ————ĩů—— — 9.849483 
Sois AD — 5 — _—_— 1.612784 


To ſ. AED ---— 21 * F 
The Courſe is N. 68” 46 W. or or W. N. W. a little Weſterly. 


To find the Diſtance betueen the two Ships, by Caſe 3. Cor Ar 


As ſ. DAE- — 455 0— — Log. o. 150515 
To ED — — 80 — — 1.903090 
So is ſ. ADE — 113 46 — . 9961513 
To AE ——— 1-2} — — 12.015128 


PRO B. III. Suppoſe two Ships ſet ſail from a certain Road, the one 
fails S. by E. 20 Min. the other S. S. V. 25 Min. I demand their 
Bearing and Diſtance from each other. Plate 1. Fg. 10. 


In the Triangle ADE, 
A repreſents the Road, 
AD the firſt Ship's Courſe and Diſtance- 
AE the ſecond Ship? s Courſe and Diſtance. 


The Operation. To find the Bearings, by C * 


AE 25 1280 oo 
AD 20 DAE 33 45 
—_ 146 15, 218 ADE and AED. 
Dif. 05 X 077 2 Sum. 
l Ce. Ar. 
As Zcra. AE and AD 45* ——————— Log. 8.346788 
To their Differ — 05 — ——— 0.698972 
Soist. + Zls Dand E 73 07 — — — 
To : 2 z their Difter, 20 OG mom nnnnnnnn——n—— _—— 6, 
. 1209 s 737 07 1 
+ XLs8s20 6 


Bun.” _93 13 ADE 
Diff. 53 oz AED 


' Ari 


9179 


0: Ar, 


0515 
23099 
51513 
15128 
he one 
| their 
z 10. 


„ot ENE. I E. and WS. nearly. 
75 1 To find their Di ance, by Caſe I, y Co, Ar. 
Ao AED — 53 0 —— — Of, 0,097 536 


PROB, IV. A Shi 


As DE the Baſe * 


— n 
4 


1 * a 
„ 


| 2 * = pi Sailing: 57 
The Beatin 0 of the Ships are N:eaſterly TL 31 and 8. weſterly 


20 — . — —— — — — 1 30 

ſails from a certain Port SSE. 68 Min. and then * 
73 min. more 'Eafterly, but is forced back, by foul Weather 82 min · o 

the Port from whence ſhe firſt ſer ſail 1 I emand what Courſe ſhe 
ſteered from the {econd Place to the third, and how ſhe ſailed back to, 


the firſt Pore Plate 1. Fig- 11. 
Let A X rebrolenk the Port, WE 


E the ſecond Place, 
D the third Place. 


The Oz peration. 

To find the Courſe from the 2 * to the third, by Caſe 6. 

AD 82 5 4 

AE 68 . 

Sum, 150_ | — 8 
Diff. 1 Co. Ar. 
72 — — Log. 8.142668 
To Z cri, AE and AD — — 150————— 2.176091 
So is their Difference 


14 — — — 1.46728 
To X. Segments of the Baſe — 29 — 1.4047 


1 — 

Segment 29 Segment 29 * 
Diff. — 43 | Sum 1011 
1 Diff. — 21 Z, of 21 . EB. Sum, 50 D 50 f. 


— — — — 


Log. 1.832508 


So is EB 214 1. — — yt — — — 0 6 


To ſc. AEB, or AED. 7134 —— II. £ 
The Courſe from the ſecond Place to the third, is NE. 49* og, or 


N 20 


ME. E. almoſt, | 


5 Of Currents 1 
To find the Counſi bath to the Port. Co. Ar. 
eg. 8.086186 


To ſ. AED 715 34 —— — — 2 9. 

So is AE 6 min  ommmmm——— — — —— 2577432 

To ſ. ADE 51 5;' — one — TT 
The Courſe to the Port is NW 79" © 3', or W. by N. a litte W. erly ? 


f of CURRENTS, 
When a Ship fails in a Current her Motion is compounded of two 
Motions, viz. the apparent Motion of the Ship, which is known by the 
Compaſs, Log, Cc. and the Motion of the Currert, which it known 
beſore-hand, you may eaſily find the true compound Motion of the Ship; 
or it the Currents Motion be not known, you may find it if you do but 
know how far you are deceived, wiz. how far, and. which. way, you 


are unexpectedly carried, As for Inſtance, * | 


RT” TS 

A Ship ſails 5- Miles an hour, S. by V for x6 hours, in a Current that 

| fets 3 Miles an hour, V/ by S. I demand the Courſe and Diſt. made good. 
In the Triangle ABC, there is given, AB the Diſtance ſailed 80 Miles, 


S. by N. and BC the Currents Motion 4 Miles W. by &. and the Angle 


ABC ten Points, 112* 3o', to find AC the Diſtance made good, and 
| Plate 1. Fig, 12 


the Angle BAC the true Courſe 
And firſt for the Angle BAC, the Courſe by Caſe vhe fourth, of Oblique 
| Plain Triangles, i 


bite 2 bo 3 r — 180 oo 
ide BO—48 ubtr. Angle — 112 30 ; 
Sum —— 128, Reſts Sum of the Angle 87 30 3 


" Dif—12) half 8um U 


| Co. Ar; 

As Sum of the Sides AB and BC, 128—— =———=7 892790 
To their Difference ga — — 1597150 
So t half Sum of unknown Angles 33˙43.— 9240 f; 


To t. half their Difference & 4 | 919 - mag, 1a2533 
5 4 | 


To the half Sum 
Add the half Difference 


The Sum is ACB 
Subtr the Dif BAC 


ny | 
14 the greater Angle 


24 16 the leſſer Angle 
| | Secondly, 


4 db LY 


r 


fr, Secondly, #0 find the Side AC, by Caſe the firſt. 7 
| ee 2 Ca. Ar; 
- As Sine of the Angle BAC 24 16 —— — 6.386179 
0 To Side oppoſite BE — —— 6.4 
4 So Sine of the Ay I —— 30 —— — — 9865613 
To Side oppoſite io — — — 033031 
Ni fo AB South by Weſt, 11* 15' ? we oy 
Add the Angle BAC 24 16 5 
* The Sum is the Courſe 35 ᷑ 31 ee e 
e The way made good is 108“ S. 35 31 W. or 8. W. by S. 1* 46' Wierly 
wn Queſtion 2. 3 Plate 1. Fig 12 
* Suppoſe three Ports, A, B, and C, a Ship at A, ſteers South by Weſt 
el b 80 Miles, and expecting to arrive at B, he finds himſeif at C, a Port 
4 diſtant from A 108 Miles, South 355 31“ Weſt, being deceixed by a 
* Current, 1 demand which way the Current ſets, and how faſt, ſup- 


poſing the Ship ſails five Miles an hour. « | 
In the Triangle ABC you have-given, the Side AB, the diſtance ſail- 
ed by the Log. 80 Miles, South by Weſt, and AC the diſtance made 
good 108 Miles South 35* 31 Weſt, and their contained Angle CAB, 
24 16'; to find the Angle ABC, the Courſę of the *Cutrent, and BC 
its Race, which becauſe it is found by Caſe tbe fourth and firſt, of Oblique 
Plain Triangles, and performed exactly in the ſame manner as the fore- 
going Queſtion is, I Thail leave the Operation for the Readers practice. 
The Angle ABC will be found to be 113 zo! or ten points, which 
reckoned from North by Eaſt, the Courſe from B to A, it will be founds 
Weſt by South and the Side BC 48 the Cirrents Race inthe time that 
the Ship ſails 80 Mites, wiiith at five Mites an hour, is x6 houtsz ſo 
that the Current ſets 3 Miles an hour. | | 
But ſuppoſe you know, or have formerly found the Currents Courſe 
and Race, and know the true bearing - and diſtance between the Ports 
given, and deſire to know what Courſe you muſt ſteer, and how many 
iles you muſt ſail by the Log, to arrive at the deſired Port. 


neſtion 33 
A Ship at A Bound tor C, SS deans from A South 192 1“ Weſt, 
108 Miles off, but knowing there is a Current that ſets Weſt by South 
Miles an hour, I demand what Courſe he muſt ſteer by the Compaſs, 
and how far he muſt ſail by the Log, to arrive at his Port at C, the 
ESE $ Miles an hour. ht Plate i Fig. 18. 
ere is given, AC the diſtance of the Ports 268 Miles, and the pro- 
portion of the Sides AB _ vie, au to 3, becauſe the 81 
14 ; 3 Th. 


Ar. 
790 
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5 Mercator's Sailing. 
5 Miles an hour, from A to B, while the Current ſets 3 Miles an hour 


4 


| from B to C, you have allo given, the Angle ACB 43" 14. Therefore 


by Caſe 2, nee. 
As Side AB - | 5 — 9 301030 
To its oppoſite Angle Ac 4314 — — 9.835672 
So Side Bc | — — i; 
To its oppoſite Angle BAC 1 16———49.61382 3 
Angle ACB 43 14 rom 180 oo F 
Angle BAC 24 16 Subtr, 67 30 
f 7 30 Reſt ABC 112 30 | | 
ct | " ThenbyCaſe the firſt of Oblique. Co, Ar. 
As Sine of the Angle ABC e — 0.034385 
To Side oppoſite AC 108 — 42033424 
So Sine of the Angle Acg 43 14 — 9835672 


To Side oppofite AB 380 — 11.903481 

The Diſtance ſailed AB is 80 Miles, the Rate of ſailing, is 5 Miles 
an hour, Divide 80 by 5, the Quotient is 16, the time the Ship ſhould 
ſail from B to A. | ” | . 

Likewiſe, Multiply 16, the hours that the Ship is ſailing by 3, the 
Miles the Currents ſets in an hour, the product 48 is the Side, BC the 
Currents Race, the truth of which may be proved by a Canon, 

As Sine ACB, To Side AB; So is S. BAC, To Side BC. 

Then from the whole Angle, that the line AC makes with the Me- 
ridian - — — 5 | 

Subtr. the Angle BACE4———— ——— 24 16 

Reſts DAB the Courſe ſteered S by ——11 35 

The Diſtance by the Log, AB 80 Miles. | 2 

There are other Curioſities in Current ſailing, but theſe being the 


moſt uſeful, we ſorbear to Enlarge. | 
9 25 — — 
C H AP 0 VI. 4 | 

The Doftrine of Pla Right-angled Triangle: applied in Ptoblems of 


Mercator's Sailing, s 
called Mercator's Chart, {which 


E true Sea Chart, common| 
| 1 the uſeful Invention of our Country-man Mr Edward Wright, 


although this Stranger hath got the Name thereof) per forms 


Concluſions, and almoſt in the {ame manner lor eaſe, and on 


Fol | 


| 
# 
*, 


* 52 0 
„ 7 * 
* „ ” 
* — 
9 * 
* 1 — -* 
= 9 269 9 6 
* 2&4 *\ ; So © „ „% 
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HODS —A2 _— —— 


Mercator s Sailing. » 5 
& exactly; becauſe all Places may be laid down upon this Chart 
with the ins Truth as upon the Globe, both as to the Latitude and 


* 


M7 


* 


Longitude, Bearing and Diſtance from each other, PR 

PROB. I. To find the Meridional Difference of Latitude, or the Dif- 
ference of Latitude in. Meridional Parts. : 

Firſt, 1f one Place be under the Equinoctial, and the other in North 
or South Latitude, the Meridional Parts (in the Table of Meridional * 
Parts) anlwering to the Degrees and Minutes of the Place's Latitude is 
the Meridional Difterence of Latitude. | 2 

Example. One Place in the Latitude g9* 27 North, the other under 
the EquinoRial : I demand the Difference cf Latitude in Meridional 
Parts, . | 

Lat 37 2 — . 26 
* is the Merid Diff Latitude. 

Secondly, It two Places be both in North; or both in South Latitude, 
ſubtra the Meridional Parts of the leſs Latitude from thoſe of the 
greater, the Remainder is the Meridional Ditterence of Latitude, 

Example 1. 
One Place in the Latitude 39* 20 N 
The other in the Latitude 17 10 N 
The Meridional Dif, Latitude, 

Example 2. 
One Place in the Laritude 45* 56'S, + 3 
The other in the Latitude 29 17 8. 1839 
The Merid. Diff. Latitude, 1271 

Thirdly, It ove of the two Places have North Latitude, the other + 
South, add the Meridional Parts of each Latitude together, the dum is 
he Difterence ot Latitude in Meridional Parts. 

* ' Example M. Pte. 
One Place in the Latitude 42 17 8. 2903 
The ather in the Lariude 27 19 N. r 
The Meridional Diff. Latitude, 4510- 

PROB, II One Latitude, Courſe and Diſtance given, to find the o- 
ther Laritude, Departure and Difference of Longirude. : 1 
Example: A __ in La*itnde 42* 12 N. ſails SE. by 8.397 Miles; 

demand the other Latitude, Departure and Difference of Longitude. x 

In the Triangle ABC, Plate 2. Fig. 1 

Ac repreſents the Diſtance, | | 8 


T | 6 1 * 
| : 
5 may 
. | a F | 
4 , + * | Los 4 a 1 


"62 * Mercator s Sailing n 
Ab the Difference of Latitude. 0 


be the Departure, as in Plain Sailing, | 

AB the Meridional Difference of Latitude, * 7 

BC the difference of Longitude, according to the true Chart, eom- 
monly called Mercatoy's Chart. N 

The Operation” To find the Departure. 

As Radiu - —[ go* o '10,000000 

To the Diſtance Ac — — 9879 


So Sine bAc the Coutſe——3 43 
To be the Departure. —— —- 220 6 42 343529 


To find the Difference of Latitu de. - 
As Radius !ñũüͥ]⸗ů -- go* oe 16 000000 
To the Diſtance Ac — — cc 7 2399790 


So Sine A e b Comp. Coutſe ! 36 13 2.49846 
To Difteretice of Lat. Ab ——— 330 . 12518636 


To find the Differencs of Longitude: | 
Latit. ſailed from — 4 1 Metid. Par —— 2798 
Dif, Lat. === 5 0e | 
Lat. come to === === 36 41 Merid. Parte — 23% 
Meridional difference of Latitide nan enemem moan nennnns ana 426 
As Radius — — 5 L — 1 00000 


To AB Merid, dif, Lat. 48 6.641444 
III 


* 


do Tang BAC the Courſe — ++ ' wnonee 
To BC the difterence of Longitude» === g86-=—= == fee 
Which reduced is + 4 46 
PROB, III. Both Latitudes and Courſe given, to find the Diltance, 
Departure and Difference of Longitude, 
A Ship ſails NW- by N. from Lat, 36* 43' N. toLatitude 42 32 N. 
demand the Diſtance, Departure, and Difterence of Longitude. 


Latitude 42* 12' Merid, Parts, 2798 * 5 
Latitude 36 42 Merid: Parts, 2370 _ Plate 4 Fig. 1, 
Merid. Difl, Latitude _ 9 8 


: Tue Operation, 0 find the Diſtance, | 

As Radius - — 90" % 10.0000000 
To AB Diff. Latitude — —330—.— 4.518517 
$0 Secant of b A c the Courle—— — 33? 45' — — 10.080154 
To A c the Diſtance . 396.947 W 


” 


1 * 
0 * 
I 
* v 


- 


* To find the Departure, L 11201 hf bY 


- 


As Radius 
To the diſtance A. c 396.9 — —— z,co88t 


0 N find the Difference of Longitude. 


As Radu — _ yy o 2 — to ooo 


To AB Merid. Diff. Lat = r 
So tang. BAC the Courſe — 1547 | WL: 2445 4 


To BC Diff. Longitude TIYT 
PROB, IV. Both Latitudes and Diſtance given, to find the Courfe, 
Departure and Difference of Longitude. a 


2 BG mann —2—— — 42 


Lat. — 4% N. 1 demand the Courſe, Departure, and Diffetetice of 
Longitude, | 
Lat. 44* 1 merid: parts? 279 
Lat. 16. 41 merid' parts _ $170. Hate 1 Fig. 3. 
Merid: Diff. Lat. " HW 


18 6 
: - The Operation, 1s Bud the Corſe 
As A the Diſlatce =mmmmncs commomemes wennnnnans $ gf 2 = 198390 
To Radivg ==—_ :_- = gz 9 e- 6000000 
80 Ab the Diff, Latitude=——_—__—_ -- 1 4 
To Sine of A e b Comp, Courfe 16 59/4 
To find the Departure. 


At Radu s wen . win get of conan ===" 19,00, 0000 


To the Diſtance Ag mormmnmmrms mnnnrmem 3 "T1. 
$0 Sine b A e, the Courſy 71 * 2 — 2 15 


To be the Departure — 22086 — — 4147719 

Rs To find the Difference of Longitude: 

As Radiug - — —-— go* 0 —— 10 ano 000 
To merid. Diff Lat. AB. wm mm_—} — -—— 1.671444 
So tang, of BAC the Courſe —— 33* 45' womens nn 9.824893 
ToBC Dif, Longitude 286 ner 4 2.456337 


PRO.. 


—0 050 See 
— 90 0 * — le eceeeee * 


# 


Ship ſails in the SE. Quarter 397 miles, from Lat. 43 tz No 
re, 


. 


— —— 


— 


2 
— 


Fs = 
=E 


» » & —_ 
— 


* Fad 
© pe . - 
5 _— _ - —— — 
” = - — 8 — 2 
- — — — 
— * 2 IET 1 — IET —ZZ 

* — > - = e 

: — 2 — = 


Diff. Long. 


2 9 — — = — — — 
— — — — — — 
— : j — — > — — —_ . ——— —— — — - 
— = — — —_ p - » — — — — — — — — — 
— _ ” — L — - — — . = — = — 
—— — = > & — = — -— — . a - 1 - — 
— 2 = = : — = 2 bs . 
4 - * - — V= - * = — _ * = — 2. * — — * — — = i 
- - - < == — 
5 — — = . : — : 2 3 == 
© 2 ” 2 — — — — — E . — _ — = — 
d . — A * — = C 2 — 
» 9 * * C . id . _ 4 — — 1 
* 2 * 
* 2 - S;-» — — = a a — — 
- = bs * — 3 * Fo 1 C 2 — abs = - I 
— 2 — 2 — — —— — — — 
— ES. + - — — — — — 
* = i 2 — — — = 
* — — — — — — — - — - — — — — — 2 - — — — - 4 — — — 2 — = —= 
— = ” - Ja — —— — — — : — — — — 
, — — — — - — = = — — K — — - 8 — 
- —— — — — — — — — — — — 5 — — - l — — — 
— — — — 2 2 — = — — — — - — — — 
—— — - — —— — — — 2 2 — — 2 = — 
EX.” ＋ — — — — — —— — — — ” — — > — — — — —̃ — 
- - - — 2 —— — — * __ ET — - — _ 
- >> 4 2 - a — pa 
Z —— * = — — =. m_ — : — * —.— = — f 
— — - - — — — 2 - — — — —8 
* 
* 
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So Sine bc the Courſe———22 3z—— —— — 9. 583449 
To be the Departure — { 174 — — . 
8 | Or, 
As Radius — — — 90 0 —— — — 1 000000 


Tercator's Sailing. 9 ITY 


| Yo, v. Both Latitudes and Diflerence of Longitude given, to 

, find the Courſe, Diſtance, and Dep arture- 

A Shi ip ſails from Latitude 71 4 North; and ſalls into Latitude 
wh her Difference of Longitude 4* 7'; I demand her Coutſe 


9 12 
Blues and Depatture. Plate 1. Fig. 4. 
Lat. 63* 35 Merid. parts 308 


Lat. 19 12 Merid. 70 4433_ 
Dif, Lat 04443 Mer. Diff: Lat. 555 
8 | 


Dif Lat is m- 


4 7 
6 


Mili: $47 _ 
The Operation. To find the Cours. 
As AR Merld, Diff, Ea 0 — . 


To Radius - === —ů 1 => 10:900099 
de BC Diff Longitude — 14 == — 4412 } 


To Tang. BAC, the Courſe === z 3 3 4 mo _— pete 
To find the Deane 0 
As Radius momnmmmnm—_- ——go 0 -_—_— [0.000000 


To Ab the Diff. Latitude ——283 —— — 2.451786 
So'the Sec. of BAC the Courſe 22 32——— — -——10.034489 


Dit Leong it 


To Ac the Diſtance — 06. 4a — — 12.486275 
To find the Departure 
As Radius — 90? o — — 10,000000 


To A c the diſtance = — 306.4 — —— 2.486289 


To Ab the Diff. Lat. — 283 — — — ee 
So Tang bAc the 1 33 =— —— — 9.617939 
To bc the Departure — 1174 — 
PRO B. VI One Latitude, Courſe, Tay Difference of Longitude gi- 
ven, to find the other Latitude, _— and Departure, 


.. 


-» * + "Ty 


© Y 
% -v 
"A 
= * 
® | . 


. l 0 * _ a \ * 
0 mY . 
" | C : » " . 
9 * ercator $ Sal 
s * 


titide - Difletence of Longitude 4* 4 I demund the other Latitude, Di- 
ſtance, and Departure, 7 . 

0 Plate N . 

461 Dif, Long 5 


The Ope 


ration, to find the other Latitude, 
durſe —— 61 


i 
Toe the Merſd. 11 — 472 $:39344 
; failed from 6' Merid part“)! 
Kian Dl La here EOS — eee be. 
| l Arts of Lat COME e 11 Nr 
„ To find the Di 4 N , 
As * ne Die N ag — 99 
the ' 1 — — JO | mem wa ——— 2 i 
Libet bAe the Courſe— 61 — — A 
To Ae the Diſtance Ze wm 36363617 


Th find the Departure, 


As Radiu - — 00 — . [ •ſo ©000000 
So 8. bAc the Courſe — — 61" 53' —— — 9,9454636 
To the Departure he — 3818— — -— 2 5818517 

PROB. VII. Both Latitudes and Departure given, to find the Courſe, 
Diſtance, and Difference of Longitude. 


6289 There are two Ports, one in Latitude 37 3' North, and the other | 
3449 . Latitude 61% 10 North, and by a true Reckoning, according to Plain 


9738 Sailing, the Weſting made good in ſailing from the Southermoſt, to the 
Weſtermoſt, is 200 miles. I demand the Courſe, Diſtance, and Dif- 
0000 ference of Longitude between them. 


Lat. 61* 10” Merid: parts 4670 Plate 2: Fig. 6. 


- _ Lat. 57 0z Merid. parts 4188 
Diff. Lat. 4. 7 Mer. Diff. Lat. 482 
60 


—5 


24 | 
= ul 


* 


"A 
* m 
* 


2 *I 
55 
J 


A Ship in Latitude 35 5. North, ſall 8. E. by E. half K. and makes _ 


. 


As Tang BAC the fy} | 
T6 30 Diff, Long. — 461 — III . 


places given, to find the Diff of Lot 


- * ng 

WW. "IO ( 

Ni, Operation. To find the Cy /t. | 
As Diff, Lat. Ab«« == mime SS Penn n= it wi 
To Rudi een 4 i | 9 080009 
30 Departure be ez nn =s $3$8194969 
To Tangent bAe, the Courſe -=- 39% „ = a= =, p,g68343 i 

To find the Diflanes . 

As g. Aeb Comp. Coliffy == ms = 54" gf mms =: "N.FELCH: 
Te Diff, Latitude Ab ====z: == %% — 213 ga6969 
de Radius eesesees 
To the Piſtinee Ag . 17 — == 415031943 


| To find the Difference of Long Ude 
As Radius — cob way wa er 


14969 


* 
FFF 10 ©0000 


To the Merid Diff. Lat, AB 4823 ————— ——-----2.6830470 
So is 1angent BAC the Courſe - 39% o' ———9 os , 
To Diff. of Longitude C — 399 ———— -—— 115914162 
There are other Problems, that are frequently and indeed properly 
Rank'd amongſt the Queſtions in Mercator's Sailing; Neverthelels be- 
cauſe they relate only to Sailing in the ſame Latitude, viz, upon an Eaſt 


or Weſt Courſe, we ſhall here diſtinguiſh them by the Name of, 


Parallel Sailing,” ” 
Adhip in the Latitude of o o' North,ſails due Weſt till her Difference 
of Longitude be 7* 17; I demand how many Miles ſhe hath ſailed. 
{1 BS 
60 | 


|; 
The Operation. . Plate 2. Fig. 7- 


As AB Radius 90 0 — ü 10.C000000 , 


Diff. Long. 


+So is A b, the S. Comp. Lat.— 30 ĩy. 444 96989900 


Jo be the Diſtance ——2 18,5 — — --—— 72 3394514- 


» 


See the Demonſtrations of the Proportions uſed in this and the two 
following Problems, in the-ule of the Plain Scale, Chap. 1 f. in the latter 


part of this Book, 


PROB. It: The Parallel of Latitude and Diſtance between two 
Plate 3 Fig. 8 


A Ship in the Latitude of 437 10 fails Weſt 397 Miles, I demand the 
Difference of Longitude. £ As 


F * 7 


mee e 


As Lie Comp. Latit, A v2 te! — — 96 
mo the Diſtance ve 97 -=. 170 C 


Zo is _— 


U * 1 EM yo - — — 
T5 Di. L 6—. . „ 


PROM, III. f. e Diſt. and Difference Bly Lenglt N 105 Fl 
in the fame Lat given, to find the Lats Plate 8 
There are 1 places in the ſame 1 thelr Diſtance 19, N. 
Difference of Longitude 76 3 I demand the Parallel or Tate 
As BG the Difference of Longitude 7069 ʒ == Uf 
To Radius 4B — 99.0 === 1 0,0000000 
de. u be the Diftancy mmn——n= ————mm 5 gp —— 1111 
To A b Sine Comp: Lat. — 124 — — —98 dene 
The foregoing rob. in Mercat, Sailing, Il rated by aProtical ep p. 
There are two Ports, one in Latir, 40? o North , the other in Lat. 
43* 25' North, the Difference of Longitude og“ 52 the Southermoſt 
Fort being the weltermoſt, A Ship at the Northermoft ſails 8. W. by 8. 
47 then 88 W. half W. 31, then S. by E. a quarter E. 62, then W. N. 
W. three quarters W. 61, then WSW. a quarter W. 51, Idemand, 
1. The Courſe and Diſtance between the two Ports, 
2+ What Latitude the Ship is in, 
3. What-Difference ot Longitude ſhe hath made, 
4. What "Courſe and Diſtance ſhe hath made good, from the firſt. 
7 ſailed trom, . 
5. What is the Courſe and Diſtance to the 2d Port, the Port bound for. 
The Operation. To find the Courſe between the two Ports, * 


Lat. ————43.25 Merid. parts 220 


0 68600898 


'F 


Lat.— 40.00 Merid. parts 2623 Plate 2. Fig. 10 
Diff. N as 25 Mer. Dif. Lat. 274 * 
As Merid Dit Lat AD —— 4 —— 4477505 

To the Radius — 900 —F lo ooo ooo 
So Dif. Long ED — 109 y {8 
To Tang. Courſe — — 46 49 — — 100276323 
To find the Diſtance. 
As Sine Comp, Courſe e ——- —q6i49, -— 98352688 
To Dif, Latit A d —— 105 — — 4119548 
$0 is Radiug ———— = ==_—_ —90˙0—  'f 0,0000000 
To the Diſtance Ae. — 299, 5 mms wn 2,4964850 
The Courſe from the Notthermoſ! Port, to'the Southermoſt, is South 


46* 49' Weſt, or South Welt 1“ * W. the Diſtance 299 * by 
| 1 | 


"ea | i &' 4. * 


„4 A Travetſe ie 
| 1.8 for the firſt Courfe South Welt by South, 47%, / 
_— oy rg Latitude. * 4% 


{I [ 0 x As Radius — po —ů— — — 129299620 
EI Io the Diſtance — D.C. — — löffel 

110 So Sing Comp» Caurſe 8 6 — 314)—— —— gg 198.46 
o the diff. Latitude ——19.1————.— 41:59 1944 
e Latit failed from 43 25' Merid parts, »— 2897 
ii; $ 6,008 iff Latit. Subtr— 0 | TEIN 
Lat. come to 42 46 Merid parts 2844 

a Merid. Diff. Lat. 53 


As Radius — — 90 — lo 0000000 
To Merid. Diff Lat —— -— 53 — 17242575 
So Tang. Courſe ——-—— ;j3 45-— —-- —- 98248926 
To Diff. 1 45 — 254 — — 41 5491684 

he ſecond Courſe 88 W. half W. 51 min. 


To find the Difference of Latitude, and Latitude come to. 

As Radiug — — 90 © —— —— — lo ooo o 

| Fs To the Diſtance ———51 —— - — 707570 

ml... So Sine Comp. Courſe ſc. 287 ——. >—— — - 9.945463 6 

To the Diff. Lat. 45 — — — "T1,6530337 

Lat. ſailed from — 42" 46' Merid. parts 2844 

Diff. Lat. ſubtr —o 43 

Lat. come to 1 1 Nierid· part 781 
. Merid- Diff. Lat, 1. 

As Radius. — mts goꝰ 0 — <= — 10,0000000 
To the Met. differ Latitide=—6 1 «—— - — 1.785228 
8o Tang. Courſ 28 — — gude 
To Did Long — }; 6 --—- —— 11514 

third Cour * F. by. E. E. 61 Miles, | 

To find Dif, Lat. and Tat. come to. 

As Radius nn — 90% — e—_—_ 0,000 
NOI ITT CC —.— 177116 

80 Sine Comp. Courſe ſe.— 4" 4 em wn len 

To Difl, Lat nm — 00.9 nn 9g — 117791 

At. fall'd from — 41“ 1' merid; parts 2783 
H Lat, ſube— 1 © 


1.4, come to — 41 1 merld; ports 704. 
| Metid ifl; #, 86 


* 


= "8 


"Morea! * allg.. * 


Ai Nad 50. o' 


To Merid. Dif, Ear — — men} 
8o ſang Cour 


** 


To Dif, Longitud — — Tn 930091 - 
a The fourth Courſe NV 1 W, 61. ü 1 
To find the Dif, Lat. and Lat. come to. 
As n —— — ͤ— — — go o o. oo 
To the Diſtance - — nay. 17853298 
So Sine Cpm. Courſe ſc, .: — ——75 56 942856969 9 
| To Diff. Lat ———— 14 0 111710267 
000 Lat. (ail'd from . 41* 01 merid. parts —. 
. Dit Lat. add —— — © 15 
920 ' Lat: come to 41 16. merid. part —— 7} 
684 Merid. Dif. Lat. — — — 
As Radius 8 — — — 90. o lo. ooοοοο 
To merid. Dif, Lat ——20 1.30 10300 
_ So tang. Courſe ——— —— =-r———7 56 * 4 1 
70 To Dit. Long —.— — 178.8 T1.9021109 + 
536 Ne fifth Conſe WSW-4W.51. * 
337 To find Dif, Lat. and Lat. come to. 
| As Radius — —_ — 0 100000000 
To the diſtance - 51—— 1,7075702 
$q Sine Comp Courſe ſo . — 70.19 9271987 
To Dif. eee gangs conan BBY 12349699 » 
Lat, ſail'd from 417 16' merid. parts ——_— 


Dif. Lat, ſbt—— om 


the Conf aud Diftance made good 


To 
ake a (mal! Fable, as you are taught 


Wn conſiſts of ſeven Columns, as below: 


* 


* 9990 e 
181 


f 


Pot frft 
ſe of the 


942. | 
Lat. come to 40 55 merid- patty . ye 
Merid Dit. E 9 


As Radius —— _ — _._ 90 0˙ 
To merid. Dit, 1.Äͤũ4ñ4 nannn 


Zo tang. Cour. 7 


To Dit. Longitude mos -- —— 64 


1458 


Liſſvrenes of Latitude and Departure in the latter part © 


0.899998 
— mire Þ 
gant g 
heide! 
fl Jailed from 
ables of ter th 


en 


Wi 
19:2099990 | 


- 
os 4 * 


re . = 
a — — * — - 


— 
- — - - 


IF A. ² at 
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78 OM *  ATraverſe in 


" Courſes, Diſt. ] Lat. Dif Lat. Di 
— Dr, DM NEC. 
S . | 47 [43246 __ | 39.t|__| 35-4 
SS U. 51 [42 t 450] [324.6 
SEE | 62 [41 — 6 __ 
(NW {W, 61 [4rz6 148] |__|. 768 
WSW.*W\_st 4% 17 64-3 
e 1.4 211.1 
3 — — 146-6 191.1 


The firſt Column contains the Courſes, the ſecond the Diſtances, 
the third the Latitude come to, the fourth the Difference of Latitude Nor- 
therly, the fifth the Difference of Latitude Southerly, the fixth the Dif- 
| ference of Longitude Eaſterly, and the ſeventh the Difterence of Longitude 
weſterly, which is thus found, - 

Obſerre.the Latitude and Longitude of the Place ſailed from, and the 
Courſe and Diſtance ſailed mand then by Caſe t+ ot Plain Sailing, find the 
Ditterence of Latitude, and by Prob, 2 of Mercator, find the Difference 
of Long tude as you ſee in the Operation for the firſt Courſe, where you 
find the Difference of Latitude 39 min, and Difterence of e 
and becauſe the Courſe is between the South and Weſt, I ſet the Dif- 
ference of Latitude 39-t in the South Column, and the Difference 
of Longitude 35.4 in the V Veſt Column as you ſee in the Table, alſo 
(ubtracting the Diflerence of Latitude 39' from 43* 25 the Latitnde ſail- 
ed from, the Remainder 42* 46' is the Latitude come to, which I 
place in the third Column under Lat. and ſo proceed to the ſecond and 
third Coutfes, &c and gs the Difference of, Latitude and 
Longitude, and placed them all in their proper Columns itn the Table, 
add up each Column alone, as — ſee in this Example, where the 
North Column is only 14.8, the South Coſomu 16.4, Which being the, 
Nreatelt, 1 ſubtract the Notthing 148, from it, and the Remainder 1466 
1 (et in the South Coliinn for the South Latitrde made good, do the ſale 

by the Eaſt and V Veſt Columns, and you have the Zongittrae made good, 
whieh in this Example is 19 ½ f est Hong tur, Whieh divided by 60, 
gives 4* ti, Alf the Difference of TU £46 6, of rather 147 dls 
vided by genes 3% 49 which (btracted from the Latiende fad from, 
Kives 49" 59 Hig £41: the Ship is in, And thus you, have beth my 
| | | | af 


weiß 
* 


4. 


ads as | of | | We PTY 
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and Difference of Longitude, to Find theCourſe and Diſtance ſailed from the 


firſt Port, oy Ny 2. of Mercator's Sailing: 
As Merid Diff. Latitude AB -»— 198 — 252966652 
To Radius — — --— — 0% — 100000000 


So Diff. Longitude BC —191——-.——— 2,28 103 34 
9598436882 


To lang. Courſe . — 43 58˙— 


To find the Diſtante ſailed 


% 


As Sine Comp. Courſe wo 5} -—--- 98571779 


To Diff. Latitude A b 147 — — — 2.167317 
So is Radius — — — . — 900 — -- — 10 0000000 
To the Diftance Ac = - — 204 2 —=3,310139 

Then to find the Courſe and Niſtance from the Ship to the Port bound 
for, you have given the Latitude and Longitude the Ship is in, viz. Lat. 
40* 58' and Latitude ot the Port qo* o, the Difference of Longitude be- 
tween the two Ports 1s 4 þ 2', Or 292' the Difference of Longitude made 
by the Ship is 191, whic ubſtracted from 192 reſt 101, the Diff, Lon» 
gitude from the Ship to the Port repreſented by the Line E AM. 

Lat 40 58 _— parts — —— 12099 
Lat. 40 e. merid. parts — — —— 6; 
Diff. Lat. © 58 merid. Diff. Lat, — — 76 +, hah 

As merid Diff» Latitude CM . ——76— 18808736 
To Radius —= + „ .o 0000000 

So Differ. Longitude EM ones —— — 101 —— 10043214 
To tang. Courſe — -————-5;" 0 To.135078 

To find the. Diſtance. 

As Sine Complement Courſe [6c —— 53* of —===g,779t 
To Difference of Latitude C Lo = ns} — . ——1 1634180 
So Radius — — 0 16 09900099 

To the Diſtance, xk cw e_ygf,--  c--- 164005 

From the Ship to the Port bound for, is South 54% s Weſt, of South 
Weſt almoſt } South, the Diſtance 96:5 miles, of 96 miles and a hall, 
tepreſetited by the ptick'd Line CR. | | 

This Method of working by « Cannon, is the moſt exact; aud the 
Foundation of all other Methods of workiig. Nevertheleſy, a Traverſe 
May be-Wrought, and an Account of the Ship's way kept with (\\MMelent 
Exactnels, both tn Latitude and Lengiiude, only by the Tables of Dif 
eee of Latitude and Departure, as will be plainly taught when we 

eme to ſhew the Ufe of theſe Tables towards the latter end of the 
90k, and the true ProjeRtion thereof you will have in the Uſe of the 
l Hale &. | kd How 
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280 'Mercator's Sailing, without Merigional Parts. 
3 Him to work any Queſtion in Mercator*s Sailing, without 4 Tab 


4 7 0 * a 
N I. 0 . * W's ? e a w id 5 
F 1 ry * "I. A | 7 Mt | | , * * 
* ® * , , mow, 
. * 


of Meridional Parts. 


"D UT the Leatner's Inſtruction, and (if poſſible) to invite all Ma- 
4 riners to the frequent uſe of Mercator s Sailing; I ſhall incert one 
Proportion which may well be called the Catholic Proportion, in Mercator, 
becauſe by it all receſlary Caſes in Mercator may be reſolved; and it is 
thus performed without a Table of Meridional Parts. * 

As Log. Tangent 51* 38' 9“ (viz. to-101510) To Tangent Courſe, 
o is the Difference between the Log. Tangent of half the Complement 
of the two Latitudes, to the Difference of Longitude. 

You need not regard the degree, viz. 51 38' 9“ (becauſe the Tang. 
ol it is always a ttated Number, to work with, and is eaſy to remem- 
ber, for if you let it down by two figures together tis, 10, 10, 15, 10, 
the firſt 10 being the Characteriſtick, the reſt ſtand as you ſee above. 

Now if one Latitude, Courſe, and Diſtance be given to find the Dif- 

ference of Longitude, the Terms ſtand as above. | 
| Example. 


A Ship in Latitude 50? 10' ſails South South Weſt half Weſt, 1650 


| hay demand the Latitude come to, and Difference of Longitude, 


Firſt, find the Diff. of Lat. by Caſe the firſt of Plain Sailing, 
As —— #5 6! —  10,0050000 
To the Diſtance . wot; --- a 3/4 
go dine Comp. Courſe ſe.—— 28 5 ———— 46 


40 Diherenee Latitude ——1451———— f 
The Difference of Latitude 14) * or 34 1) ſubtracted hom $00 16 
gives a5* JL the Latitude come to, 
go" 16" Comp. 357 30 half Comp, 1 29 Tangent 9.579057 
a9" 55' Comp. 64 5 half Comp g 2 i} Tang == 
q 


From the Difference a3 7494, cut off two figures to the Na 5 
and you have 23 74:94 but the fiſh figure of the Decimal being 9, I add 
1 to the laſt figure of the Number, and make It 2374, and proceed by 


the toregoing Proportion. 
As the Common Tangent — wn nm wee wo LOL 


Dr Ste 
80 is Diff. of the Tangents — 2374 —— a— 3,275 406 
1 3 | 13.103 38) 

| To Diff. Longitude | — 1004 —— ee 


r 


* 


- 
. 


——ä—ñũͤ. ß — * 
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— 4 9 * 
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Middle Latitude Sailing. 81 
Or the Proportion may be altered, and ſuited to any other Caſt in 
Mercator Sailing; as it both Latitudes, and Diff. of Longitude Were 
given, to find the Courſe it would be, wed Wh 
As the Dit of the Tang of half Complement of the two Latitudes, 
To Dif. Longitude, $0 is the common 'Tangent 10.1015 10, lo lang. 


of the Courſe. 
Or If both Latitudes, and Courſe were given, to find Difference of 


Longltude it Will be, 
A common Tan 
Lat, $6 Tang. Courſe 
leave to the eader's b 


Middle Latitude Sailing, common) ealles Mercator“ Sailing by 
' Middle Latitude, | 


T » as well as Mercator's Sailing, Tuppoſeth the Earth nd Sea 


* 
. 


10,1010, To Diff Tang, } Coinp, of the two 
4 Long Ce, But thele Varieties we ſhall 
FACTICE, g | | 


to male one entire Globe, and iv» grounded upon this maniteſt 
Truth derived from thence, that the Semidiameter of any Pa- 

rallel of Latit. is in Proportion to the Semidiamerer of the Equinoctial, 
as the Sine Complement of that Parallel is to Radius, and becauſe the 
Circumference of all Circles are Propottionable to their Semidiameters, 
the Circumference of any Parallel bears.alſo the ſame Proportion to the 


Circumference of the Equinoctial; and becauſe there are the ſame Num- 
ber of Degrees of Longitude in any Parallel that there are in the Equi- 


noctial, it will follow, that the Miles in one Degree of Longitude in the 
Equinoctial, viz. 60, are in Proportion to the Miles in one Degree of 
Longrtude in any other Parallel, as Radius to the Sine Complement” of 
that Parallel; and hence to reduce miles Eaſting or Weſting in any Pa- 
rallel to Difference of Longitude, or Miles Eaſting or Weſting in the Equi- 
noctial, the Proportion is, As Sine. Complement of Latitude to Radius, 
ſo the Eaſting or Weſting (commonly called Departure) to Difference of 
Longitude. | 


This is abſolutely exact it you ſail Eaſt or Weſt (as hath been ſhew d be 


in Parallel Sailing) and ſufficiently fo, if you ſail upon an Oblique Courſe, 
provided you take the Middle Latitude between the two extream 1 ati- 
tudes (from whence it is called Miadle Latitude Sailing) which is found 
by adding both Latitudes together, and it they are both North or both 

South, half their Sum is the Middle Latitude, &c. "* 
Note; If there be an odd Minute in the Sum of the two Zatirades, 

take always the greater half of the Sum for Midle Latitude, 
8 9 Example 


82 Middle Latitude Sailing. 
Example. One Latitude, Courſe and Diftance given, to find the other La- 
titude, Departure and Difference of Longitude. 5 | 


A Ship in Latitude 50 o,, ſails SI, by S. 88 miles; I demand the 
Latitude come to, with the Departure and Difference of Longitude ? 


& Lay down the Triangle G Hl, as you are 
taught in the uſe of the Plain Seale in Plain 
Sailing with the Sine of the Comp, of Middle 

Lat. in, your Compaſſes, and one Foot in G, 

4 draw the Arch LM, till the line LM be &' 

M qual to IH, and through L draw GLK ; with 
the Sine of go in your Compaſſes, and one 

A Foot in &, deſcribe the Arch KO, the Line 
g KO meaſured on the ſame equal Parts trom 

HM which you projected the Queſtion, gives the 

* * Difference of Longitude required, 


To find Arithmetically what is required. 
Firſt, by Caſe the firſt of Plain Sailing, 
90˙ O — — — lo. ooooo co 


As Radius 


To the diſtance GI———- 88: —— — — 19444827 
| So Sine of the Courſe IGH — 33 45 -- ——— 9.74473 90 
Io the Departure IH —— 49— — —11.6892217 
q As Radius — 90? 0 ———— — — 10 0000009 
{ * To the Diſtance Gl - — — 88 — — — 19444827 


S808. Comp Courſe GIH — 56 15 -— — 9.998464 
To Diff Latitude GH 73 — — — 118643291 
Diff. Lat. 73“ or 1? 13 Lat. come to 48 47 


1 Latitude ſailed from 50 oo 

k OL Sum 98 47 

* Half Sum or Middle Lat. 49 24 | 

| 170 find the Difference of Longitude. þ | 

| As Sine Comp. Middle Lat —— 49“ 24 — —— 9.13430 

j To Radius - — 90 00 — — — 10.00000''0 
| So Departure ——-=—— 49 — — —  1.6g01961 


To Diff. Long. 


| * * : 


* 


ing "& _—— m * „ 4 wn 1 
Middle Latitude Satling, . 4 


- 


Or the Diff. of Long may be thus found, 
Firſt, as in Caſe the firſt of Plain Sailing, with 
the given Courſe and Diſtance, lay down the 
Triangle GHI, and having found the Middle 
Lat. which in this Example is 49* 24 draw 
the Line IR to make an Angle of 49* 24 with 
the Line I H continue & H till it cut IR inR, 
then is G the Diſtance, the Angle IGH the 
Courſe, G H the Diſt, of Lat. IH the Depar- 
ture, and the Angle HIR the Middle Lat, HRI 
the Complement of Middle Latitude, Hence 
is Demonſtrated the proportion by which we 
have found the Longitude, for As Sine of the 
Complement of Middle Latitude HRI, To 
Departure I H, So is Radius, or the Right 
Angle IHR, To Difference of Longitude IR. 
And in the Oblique Triangle GIR, Co Ar. 
As Sine Compl. Middle Latitude IRH — 40 36 0,1865697 
To Side oppoſite Gl the Diſtance — 88 — 1 9444826 © 
So Sine Courſe IGR — —— — 33 45 — — 9-74 47390 | 
To Side oppoſite IR Diff. Long, — 75-— - — — 1.8757823 
By this Method you may project and anſwer all the uſeful Caſes in 
Middle Latitude Sailing, as ſuppoſe both Latitudes, and Difference of 
Longitude were given, in Fig. 2. draw the line GR, and at R make 
"the Angle GRI, equal to the Complement of Middle Latitude, and ſet 
the Difference of I. ongitude from R to l, and let fall the Perpendicular 
IH, Then ſet the Difference of Latitude, from H to GJ and draw I 
and then is he Projection finiſhed. The Angle IGH is the Courſe, GF _; 
the Diſt. and I H the Dep. And by Arithmetical Calculation it is, ; 
As Radius, to RI Diff. Longitude, So Sine of HRI the Comple- 
ment of Middle Latitude, to HI the Departure. 9 
And as GH the Difference of Latitude, To Radius; So HI the 
Departure, To Tangent of HGI the Courſe. | 7 
And, As Sine ot HGI the Courſe, To IH the Departure, So is 
Radius, to 1G the Diſtance, a | 
But for the Operations, in this and other Varicties of this kind, I 
ſhall leave them to the Reader's Practice, ſuppoſing that what hath been 
ſaid may be ſufficient to introduce the Learner into the further Kno- 
ledge of Middle Latitude Sailing; and is as much as our intended Bre- 
vity in theſe new Additions to this Treatiſe will permit, 
e L 2 CHAP ' 


The Defrine of Sphiyteal Trianglet; ted in Px OVLEMS of 


* 
CHAP VII. 


_ Great Cirele-Salling, 


Lthough le be hardly poſſible for a Shlp exactly to trace out the 
Arch of a Great Circle, yet le may be of Advantage to keep 
convenlently near it, eſpecially in a Parallel (or Laſt and Weſt) 
Court, | ' | 
ROB. I. Two Places differing only in Longitude. _ 
Example, A Ship being in the Latitude 50* North, is bound to a Port 
in the ſame Parallel, whoſe Difference of Longitude Weſlerly is 479; 
I demand the Angles of Poſition, the Diſtance in the Arch of a Great 


Circle, by what Latitudes and Longitudes the Arch ſhall paſs, likewiſe 


D the Courſe and Diſtance 


LR from Place to Place, ac- 
Y  cordirg to Mercator. * 
Let A repreſent the fiſt 
Place, E the ſecond. - 
The Opcration. 
| F BY 1 
* 


To find the Angles of 
Poſition, BAD and BED. 
EE The Oblique-angled Tri- 


C 
d 


A | avgle ADE is reduced in- 


| to two equal Right-an- 
gled Triangles ABD and EBD, the Sides and Angles being equal; 


therefore in either of them there is given the Hypothennſe, and the Angle 


"Ez 


To tc, BAD -—— 71 —— — — YC, 
4 To find the Diſtance AE. 1 
| In the Triangle ABD, | | 
As Radius pH . — —i Log. 10 ooooooo 
To ſ. DA— 40? 00 — — — 9. 8080675 
$018 1 ADD --— 23 20 — — 9.6006997 
To ſ. AB ————14 $1—— — — 19,4087672 
AB——=-— 14 51 being doubled, produces 
AE — — 4, or 1782, 3. To 


> 


at D, to find the Angle at A or E. 
85 In the Triangle ABD. | 


As tc. ADB — —23' 30' — =— —————Log. 10 3616981 


To Radius — — 
Sois{c. AD — 40 00 — 


— 10 0000000 
— ' 


= 


4 
| 


a 
B 
B 
B 
B 
B 
B 
B 
B. 


— 


© N aaa tl, 


4. To find the Latitudes by which the Arch ſhall paſs at every five 
Degrees ot — N from A j repreſenting the firſt Port, N 
eff, You mu 


Great CirelFSailing, XR | $5 - 


find the greateſt Latitude by which the Arch paſſesDD, 
In the Triangle ABD: | 


As te AD 40 00 — —— — Log. 1,7106 
To the Radlus — ——— — 1o 0000000 


80 is ſc: ADB nears | 30 . — — _ 9 963978 " 
10 t. BD own — 7 35 
The Complement of BD (to go“) 52 25' is the greateſt, 
Secondly, lo 

Degrees of Longitude from A, you mult reſolve the ſeveral Riglit- angled 

Triangles, BDa, BDc, BDe, Oc. | | 

| Subtracting 5? from ADB 23* 30 


BDc 13 
BDe 08 
BDf oz 
BDg 01 
BDh os 
3Di 1: 
BDk 16 
BDI 21 


: And ſo for the reſt, as follows in the Table. = 
a DB 18 30! In the Triangle aBD, 

30 3 
30 To ſind by what Latitude the Point (a) paſles. « 
30 N 
30 As Radius ——— —— Log. 10-0000000 | 
30 [Jo tc. BD == 37 35 —— — 10.113712 
30 | So is ſc. abB — — 18 30 — 99769566 , 
6 | Tote. D4a— — 39 04 — 19.0906688 « 


The Complement of Da 50? 56&' North, is the Latitude of the point (a) 
After the ſame manner are found the Latitudes for the Points c, e, Cc. 
in the {ubf{equent Table. 4 


Longit. 
A 00? oo 
4 05 Oo 
00 
Mg 
00 


00 
00 
00 


There remains 
Subtracting 5* from aDB 18 30 
Remains ——-—BDc 13 30 


00 
00 


. 00. 


9 8862113 


find the Latitude by which the Arch paſles at every five 


aDB 18 3o 


. 


Latit- | 
50 oO Thirdh, Having the Latitudes and Longi-- 
50 56 | tudes by which the Arch paſſes, you may find - 
5: 38 | the Courſe and Diſtance from Place to Place. 


52 06 | by Mercator, 
52 204 So to ſind the Courſe and Diſtance A a, there 


52 14 | is given both Latitudes, 50% North, and 
51 51 50 56' North. _ - 
51 14 | | 


50 24 | And the Difference of Longitude 5* "a p 
i n 


„ | , 1 X | # 8 4 \ ' 
$6 | Oreat Circle Sailing, 
The Meridional Difference of Latitude is 87 Minutes, 
Poy the Courſe. 
As the Merid. Diff. Lat » ——— 87 — Log. 1.939519 
To Radius — — 10,0000000 
Jo is the Difl. of Long. + 30 — 247712112 
To t. Courſe —— —— — 734 —— 10.5 376020 
3 | For the Diſtance, 
As Sc. Courſe ̃ 173 49 . Log. 9.4451553 
To the Diff. of Lat. — 56 — — 177487880 
So is Radius — — o ooooooo 
To the Diſtance | - 2. 3030327 
After the ſame manner you will find the Courſes and Diſtances a c, 
ce, Cc. as they follow in the Table. 


Places. | Courles. Diſtances 
From A to a W 73 49 200 
From a to c 189 
From c toe 28 188 
From e to f 184 

From f tog * 
From g toh 179 
/ From h toi 187 
From i to k 4 188 

From k to! 5 14 196 | 


MMI} 6 


20 
mJ 
— 

3 


92 
w Q. 
nw 


O 
> 
A 


SSS AA 


j AA 


But in regard moſt of the Courſes afore-found are ſo near the Weſt, 
you may ſail W N. W. 917, until you are in the Latitude of 55* 51' N. 
and then WS W. 917 further, you will arrive at your Port, By 
this means you will alter your Latitude almoſt 6?, and the Diſtance 13 
but 52 more than that of a Great Circle, ang not above +2' more than 
the Parallel or Weſt Diſtance- | | 

PROB II. Two Places diffeting both in Latitude and Lon gitude. 

Example Suppoſe the two Places to be in one Latitude, 36“ North; 
| the other in the I atitude 50? North, the Difference of Longitude be- 
[ tween them 68' Eaſterly. I demand the Angles of Poſition, the Diſtance 
In the Atch, the Latitudes and Longitudes by which the Arch paſſes, 
and the Courſe and Diſtance from Place to Place, through thoſe Lat 
tudes and Longitudes, according to the true Chart. . 

C 


* 


YT ED. > n_ ma SS” - 


u, Greats Cl Sailing * 
Let a repreſent the firſt place, in the Lat · . 


E the ſecond, in the Lat. 50“. . | A 
* The Operation | 4. 
iff, To find the Ang of Pc ſition ue 
In the Triangle ADE. JF » 
C R 


AD 54 oo _ADE68 oo 
DE 40. oo half ADE 34 oo b 


Sum, „ 94. oo half Sum, 47 oo 
Diff: 14 oo half Diff. 07 00 A- 


| Co. Ar 
— —Log o. 1358725 


As ſ. 4 Zcr?, AD and DE 47? oo 
To . Xcra.—— — 07 o — — — — 90858945 


So is te. 1 ADE —— 34 00 —=—— ———10.1710126 


To t. NIA and E — 13 " — — nem en 1 9-292.7 796 
Co. Ar. 


As ic. ; Zer- AD and AE 47 90 — —— Log 01662167 
To ſc : Xcr:. — 07 0 — — — 9.567507 


$0 is te ADE —— waa re oe T_T 


To t. Zis A an ang E 65 OB —— — — — 10.33 39800 


4 N Ls L LS 13 52 


Sum— 79 00 AED | | 
Diff: —51 16 AE "The Angles of Poſition, 


Secondly, To find the Diſtance, In the Triangle ADE. 1 
. Co. 


79 00 mmm — — Log. o. o0805f4 
1040 — 140äük-—ͤ — 99079576 
80 is 8.455 —— = 00 — 2 69 
Tol AE - = os e TOO LTOD 
1 Diſtance is 49 fo whith ae into Minutes makes 2990", 
Thirdly, To find t Latlt and Longit. by which the Arch paſles. 


In the Right angled Triangle ABD. 
As Rading oe poem wenn „ͤ„ͤ„ —U—ĩ—2.ĩ Log. 100000000 


To f. AD = con comm ws 00! =. — mw 90% 95976 
80 is . ——.— 16 — wi cnn man nn am 9.0 Hit 


484250 


® x 


. od 8 9 y es 
* 


| >. r | „ 90 hp 
„ 8 VBreat-Circle Sailing 
ps 39* o, whoſe Comp. 30 53' is the greateſt Latitude. 
Re Secondly, To find the Vertical Angles ABD, and BDE. 
2 | In the Right angled Triangle ABD. 
"i As tc. 8 a -— 51˙16.—— —L0Wg. 9 90423217 
6 To Radius !: — — 10.0000000 
| So is ſc. Aab. —— 54 00 — —— 9.7692187 
To te. ADB ——— — - 53 46-————— 9.649866 
From———ADE 68* oo' 
Subtract -— ADB 53 46 


Remains — BDE 14 14 


_- Thirdly, To find the Latitudes by which the Arch paſſes at every five 
Degrees of Longitude from A, you muſt reſolve the ſeveral Right-angled 
Triangles BDa, BDb, BDe, be. DEF | 


dubtracting five deg. from ADB 53“ 46 


— — Nh" ADb 48 46 
ubtracting five deg from 4 
Remains — bDB 47 08- 1/6 
So of the reſt in the following 1 able- 
BDa 48 46 Db 14 4 
BDb 7 46 | Di ess 
BDe 238 46 | BDk og 46 
[ BD 7 46 | BDI ei 14 
1 BDe a8 46 | BDm 06 14 
| BDf 1 46 [ID. 11 14 38 
= 1 — 


the Point a. 

Ai k. 51 —Ewmö mnaeenne 39˙ 07 —— = log,. 9-9101766 
To Radius — = = 6 — oe 
$0 is ſe. ADB === = 46 46 —.—. liese: 

To te. aD === ——10 9 —. — 9 obe 

Whoſe Complement 39 or' {s the Latitude at #' 


b,c, d, e Oe. as in the ſubſequent Table: 
r Fourthly 


In the Trlangle aDB, to find by what Latitude the Arch paſſes at 


Aſter rhe ſame manner are found the Latitudes of ſeveral Points 


= 


—_ | ü . | * * 
Ip 5 K —_— 9 * * wi f 3 N *. | = 
ö Kr; "Fs Wl. Wd. n 
Breat- Circle Sailing. ; 
Longit- Fourthly, Having thus the Latitudes and 


4 36 oof} oo? Longitudes of the Arch, you may find the ® 
1 1 pts Courſes and Diſtances from Place to Place, 
: 1 5 — according to Mercator. | 
| d 5 27 | 20 So to find the Courſe and Diſtance 
6 of. 1 A a. 
C Goth Latitudes are 36 degrees and 39de- _ 
3 8 33 | 33 | grees 1 minute. | 1 
15 The Difference of Longitnde 5 deg: 
1 50 49 | 50 The proper Differencè of Latitude 18 
1 5 minutes I 
| 3 + The Meridional Difference of Latitude 
| E «& | «aq | 228 minutes, 


— ld... 


For the Courſe. | 
As the Meridional Dif. of Lat,— — 24210 


8 Ll, n — — —— nn t60,000008989 
0 Is the 0 ong eu L — 300 — — — 1 1112 — 


the Diſtance. 
Ay Sc. of the Courſe — 45 ———— , 0.781966 r =_ 
To the Difference ot Latitude : Fr. » 


do is the Rading = 2 nn ant nent en 10,0 00000 
To the Diſtance — _—__ 1ꝗ— — — fein 
Alter the ſame manner you may find the Courſes and Diſtances ad, 


be, (4, Ge. as they follow in the Table 


| Placer. | "TY iNtante! 

From A to 4 NR wp 
From u to 6 276 
From þ ts & 55 
Frome ts 4 IL 

From d to & 116 

Frome % | 013 
303 


rom 

From þ 194 
Fromd rh 
From h 1 ! 
From! tw m 
From m 0 n 
From u w EK 


NE 
N R 
NR 
NE 

Fromp 7 | By 

rom f #9 

F ad, NE 
NE 
NE 
NE 
8 E 
8E 
8E 


1 


CY 


CHAP. VIII. 
The Doctrine of the Sphere; containing ſundry Aſtronomical De- 
finitions and Problems aſeful in the Art of Navigation. 


? 


Se. I: Aftronomical Defimitions 
T HE Poles of the World are two fixed points in the Heavens dia- 


metrically oppoſite to one another, the one viſible in our He» 
0 miſphere, called the North, or Artick Pole, noted with the 
Letter P. 


The other not ſeen of us, belng in the lower Hemiſpere, called the 
th 8. 


South or Antartick Pole, noted wi 
i The Axis of the Mrd is an imaginary Line drawn from Pole to Pole, 


about which the Diurnal Motion is performed from Eaſt to Weſt 
The Meridians are great Circles concurring and interſecting one ano» 
ther in the Poles of the World; as PESand PcS . | 
; The Equinoftial or Equator, is a Great Circle go* diſtant from the Poles 
'; of the World, cutting the Meridians at Right-angles, and dividing the 
World into two Parts, called the North and South Hemiſpheres ; as EQ. 
N The Ecliptick is a Great Circle, croſſing the EquinoZial in the two op- 
poſite points Aries and Libra, and making an Angle therewith (called 
its Obliquity) of 23 deg- zo min. reprefented by S = wv, 
This Circle is divided into 12 Signs, each containing 30 deg- whoſe 
Names and Characters follow. 1 N 50 
Ls FA . . 1% uy ries 


. "of i * . | 9 
* 8 * ; - — 0 . a 4 
4 : doth ; 4 » "7 of . . 2 5 * 4 
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' » © Aſtronomical Definitions. © I. 
Aries Y | Libra * ä 
Taurus 8 I Ker pio Rm 9 
Gemini 0 i, Which are Noy- | Sagittarius Þ | Theſe are Som 
Cancer ® | then Signs. Capricornus f tern Signs 
Leo N | Aquarius | 
I/irgo Wi Piſces 


The Zodiac is a Zone of Girdle, having eight degrees (f Latitude 
on either ide of the Kelipeich, in which ſpace the Platiets make their * 
* Revolutions Is divided and diſtinguiſhed by the twelve Signs, | 

The Colure; are two Meyidians, dividing the gui and the Belipe 
„ye into Four equal Parts one of theſe paſſes by the EquineF#al points 
Aries and Libra, and is called the Equirot7/al Colure, as b a 8. 

1he other by the beginning of Cancer and Capricorn called the Seti 
%, Colure, as P , 8 vw, | | 

Ihe Poles of the Eeliptich are two bolnte, 14% 30% diſtant from tha 
Poles of the World, as I and K. 

The Tropichr are two ſmall Circles, parallel to the Equineftial, and 
diltant eherefrom 15 zo“, limiting the un' greatelt Declinat tun, 

The Northern Tyopick paſſes by the Beginning of Cancer, and is cal» 
led the Tropick of Cancer j a+ ® a D. 

The Southern Tyopick paſſes by the Beginning of Capricorn, and is cals _ 
led the Tropick of Capricorn; as A b . 5 

The Polar Cirelet are two ſmall Circles parallel to the Equinofi/al, and 

diſtant therefrom 66* 3o', and from the Poles of the World, 2330, 

That which is adjacent to the N. Pole, i called the Artie Circle,asGdl, 

And the other the Antartick Circle, as Rd M. 1 

The Zenith and Nadir are two Polnts diametrically oppoſite. 4 

The Zenith is the Vertical Point, or the Point right over our Heads, au E. 

The Nadir is directly — thereto, as N. 

The Aximuth or Vertical Cirelet are great Circles of the Sphere, concur« 
ring and interſecting each other in the Zenith and Nadiry as ESN... 
Ihe Horizon is a great Circle go? diſtant from the Zenith and Nadir, 
cutting all Az imuths at Right-angles, and dividing the World into tewo 
equal Parts, the Upper and viſible Hemiſphere, and the lower and inviſi- 

ble. This Circle is repreſented by H = R. 
The Meridian of a Place, is that Meridian which paſſes by the Zenith 


and Nadir of the Place, as PZSN. . | 
4 e Almicanthers, or Parallel: of Altitude, are ſmall Circles parallel to 

the Horizon, imagined to paſs through every Degree and Minute of the 
7 Meridian, between the Zenith and Horizon ; as B a F. 


Parallels of Latitude, or Declination, are ſmall Circles parallel to the 


Equinotial:; They are called Parallel. of Declmation, in reſpect of = 
| : | | 2 % 


. 


1 — — p ,. —_ 4 3 
4 of 1 a * „ , * : ”% oy vx , 
T 3 * = 4 9 
* = @ , . ” 0 1 2 , . * 1 = $4 * * * 


0 | | 
i4 
(! 


95 
Sun or Stars in the Heavens and Para//lel: of. Latitude, in reſpe& to any 
Place upon the Earth, | 


tained berween the primary Meridian = Meridian of that Place where 
Longitude is aſſigned to begin) and the Meridian of any other Place 
counted either Eaſterly or Weſterly, 


the Hori 


weltial Ceaunted From the beglaning ot Arie) whith eamerh te the Mes 
ian With the Run of Star, or with 


at Cor D. 


* 4 \ £12 
' . * "hy 


 Aſtyonomical Definitions, 


The Latitude of a Place, is the Heighth of the Pole above the Horizon 


or the Diſta..ce between the Zenith and the Egquinottial; 


The Latitude of a Star, is the Arch of a Circle contained between the 


Center of a Star, and the Ecliptick Line; this Circle making Right» 


_ , Angles with the Ec/iptick, and counted either Northward or Southward, 
© geeotying to the Situation of the Star. 


Longitude on the Earth is meaſured by an Arch of the EquinofFial, eon- 


The Longitide of & Star is that Part of the Ecliptick which is contained 


between the Star's Place in the Erliptirk, and the beginning of Avies, 
counting them accorling to the Bueceſſion of the Sighs: 


Altitude of the un of Stars, is the Arch of an Avmith contained be- 


tnt the Center of the Zun of Star and the Horizon, 


Alrenfis is the Eilts of any Star, Ot any part of the Kal above 
BH, an Deſrenfon is the 1 thereof. 
A6 row is the Number of Degrees and Minutes of the Equt= 


2 Portion of the K % et, 
7 


Obliqne Aſcenſion is an Arch of the Eqninef/ial between the beginning 


of Ari and that part of the Equineftia/ that riſeth with me Center ot 
a Star, or with any Portion ot the Ec/prick, in an Oe 


Sphere. 
Oblique Deſienſion is that part ot the EquinoFial which Kea therewith, 
* Aſcenſional B rener is an Arch of the E- 
guinoctial, be ing the Difference between the 
Right and Oblique Aſcenſion. 

The Amplitude of the Sun or Star, is the 
Diſtance of the riſing or ſetting thereof from 
4 from the Eaſt or Welt Points of the Horizon, 
=: » TheParallax is the Difference between the 


N - — true and apparent Place of the Sun or Starz ſo 


| 


I that the true Place in reſpe& of Altitude is in 
the Line ACE or ADG the Sun or Star being 


And the apparent Place in the Line BCF, or BDH; 
So the Angles of Parallax are ACB or ECF ; and ADB, or GDH, 


In this Scheme, AB K repreſents a Quadrant of the Earth's Superficies. 


A the Center of the Earth, B. any Point of the. Earth's Surtace. 


% 
* © 
" 1 


= 
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The Ryfrat? on is cauſed by the Amgſobere, 
| Of Vaparous Thickneſs of the Air near the 
%% EarthsSuperficies, whereby the Sun and Stars 
at 3% | ſeemalways to riſe ſooner and (et later than real- 


1 3o | ly theydo. 


. Ts. A 


= 


242 In the Latitude of ; degrees, and thereaboutg 
6 15 it is allowed to be as follows in the 746%, altho 
[ s 4; | it varies by the Weather, 
9 6 90 . | | 
e And in the more Northern Parts it hath been 


obſetved to be greater; 


The Uſe whereof is this 1 
Sippoſe the Altitude obſerved were 10 des 
frees j; the eotreſpordent Reftaftion is 5 min. 
6 ſeeonds, Which ſubtracted from 16 degrees, 
the Reminder g degrees 34 Minutes 36 ſeeends, 


is the ire Altitude 


$3» ©T, I. Aranui Problems: 
PROB, 1. FT HE Sun's Place in the Eevprick, and greateſt Deli: 
tion being given, to find his preſent Declination, 1 
Example 1. The Sun Place being in 26* 41' of Taurus and his grea | 
eſt Declination, or the Angle of the Eehprick, with the Equinottial, +: 
30% to find his preſent Deelination. {lan 3. Fig. 1. 
n the Right-angle Spherical Triangle Y BC there is given Y C 
the H pot henuſe 56* 41' the Sun's Diſtance from Aries, and the Angle 
B C, the greateſt Declination (by the gth Caſe) to find the oppoſite. 


Leg BC, the Sun's preſent Deelination. 
Therefore the Proportion and Cperation it 

As Radius N Log i ooοοο 

To ſ. BV C 23* 30', the Sun's greateſt Declinat. $g.6007000 

So is ſ. y C56 41, the Sun's diſtance from v 22220232 

To ſ. BC — 19 28, the preſent Declination N. —— 49.5 227232 

Note, That the Sun's diſtance is always accounted from the neareſt 
of the EquinoRial Points Aries or Libra: Therefore if the dun be in the 
Northern Signs, Aries, 1 aurus, or Gemini ; or in the Southern Signs, 
Capricormus, Aquarins, or Piſces, his Diſtance is computed from Aries. 
ut if his Place be in the. Northern Signs, Cancer, Leo or Virgo, or — 


0 | 
a *... 3% =. > "i _” 437 
*% » 95 \ ve * . 
LES * 4 * * 12 1 
. f 0 | þ \ 4 & 8 * A 


* 


9 « 1 IL * | Mas, 
94  » Aftonomical Problems.” 
the Southern Signs, Libra, Scorpio or Sagitarins, dis reckoned from Libra, 
If the zun be in the Northern Signs, his Declination is Northerly; if 
in the Southern Signs, Sontherly, | 
Example 2. The Siin's Place is 24% 14' of axle, his greateſt De. 
clitiation (gs befote) 23* 39': to find his breſent Declination 
The Suh's diſtance em ries is 3495 45'; ® Phite 4: Fig. 1. 
the Operation, . lu the Right angled Triangle Y DF, 
As Kadus . : Log. td eee 
fo f 1 W F 237 30% the greateſt Devlinai fol -==== Siege 
be 1 . 47 14 the QITERCe FROM V rr g. 2H 21444 
Toe f BY = 14 e the IN fi m==ims wn '} "ite 
You may find the fun's Place by the 7% ii) dy y Carolina 
PROP. I: The guns Place given, 10 find his Right-Afcenfian, 
Nie; the Sun's greatelt Deelinarion is gonelucted by Mr. re, in 
his Carole Tabler, 10 be 23“ zol, therefore it is always given, 
Example 1. The Sus place is 267 41' of Taurus. 
To find' the Right- Aſcenſion, . Plate 3. F. . 
In the Right-angled Triangle Y' BC, there is given the Hpothennſe 
YC 56? 41', the Sun's place from Artes. | 
The Angle B C 23* 30' the greateſt Declination, (by the 6th Caſe) 
to find the adjacent Leg y B, the Right-Aſcenſion: 
Ihe Operations" 


ä 


a . 

ö . 
.” 
. 


9 


As Radius — Log: 10 0000006 

Tot. C= 5s6˙ 41' the Sun's Long. from 10-1822405 
Soisſc.BY C23 30, the greateſt Declination ——— g.gg,z 978 
Tot. Y B — 54 22, the Right Aſcen. from '———<To; 1446383 | 
Example 2 The Sun's Place is 22* 12' of Aquarius, 


To find the Right Aſcenſion, Plate 3. Fig 1. 
| The Operation. 


In the Right-angled Triangle v DF, 

As Radius | —— Log. 10.0000000 
To t. Y F 37 48% the Sun's Long. from 1 - 98896823 
So is ſc. DF —23 30, the greateſt Declination 9. 9623978 
To t. 7D 25, the Right Aſcenſion from the? ., 
* | Equinoctial Point ess 
This Proportion finds the Right Aſcenſion from the neareſt Equinoctial 
Point, as you account the Longitude in the Operation. But the Right- 1 
3 ſion is to be reckoned from Aries, according to the Succeſſion of 

the Signs. | Ls | 
Therefore in this laſt Example, the Complement of 35* 25 to 360, 
which is 324 35', is the Right Aſcenſion ſought, P ROB. 
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111 The 8 „ Deli "AY 
non 5 79 un natlon given, to find his Place of Longi 


Example 1. The Suns Deellgatlon is 1g" 30 North, eheteaſtig, 


To find his Plate. 4 
gled Triangls 1 B C way Y 


In the 
hot is le 10 uy eg k. 5 wank pe e Deelination: 
he 6ÞPB 69 reateſt Deelination 0 
Ane the Hh fy e by 1 deni 600 being the ""Y 
diſtanee _ (4 Of Kilig 
Ty FAMON: 


% 
As 5e %, the Fresteſt Deelin Log, =—g.6 
80 is . BG . 19 zo, the proſent Deglination === 9.53 
Which is $0 reduced into Signs, is 1 Sign 26 26 30 ; 

or 216 50 of Taurus 
If the Sun's Declination be North, and encreafi ing, this Proportion 
finds the Sun's diſtance from Aries ; if decreaſing, from Lia ir in the 
Northern Signs. 

If the Sun's Declinationbe South, and encreaſing, from Libra; it de- 

creaſing, from Aries among the Southern Signs. 


Example 2. The Sun's Declination is 14* 10 South decreaſing. 


R Tk Fl 


« © 


To find the Longitude from Aries Plate 3 P I. 
The Operation In the Triangle + DF. 4 
As {. DyF-—23* 30', the greateſt Ceclination———— g 6007000- 


To Radius —— — 10 0000000 
So is ſ. DF— 14 10, the preſent Declination ———9.3887109 
Toſ Y F =— 37 52 the Diſtance from Aries —— — 97880109 
The Complement of 37 52' to 360" is 322 od, 
Which reduced into Signs, 10 Signs 22” 08' or 225 08 of Aquarius. 


PROB: IV. The Sun's Declination given, to find the Right Aſcenſion 


Example 1+ The Sun's Declin is 19* 30' North encreaſing- 
To find his Right Aſcenſion Plate 3. Fig: I. 
n the Ri ht-angled Triangle YBC. 
There is given the Leg BC 1g“ 30', the Sun's preſent Declination. 
And the oppoſite Angle BYC 237 30, the greateſt Declination. 
(by the 1/7 Caſe) to find the Leg 7B, the Right Aſcenſion. 


As 


4 £ 
| 1 6 
* R * 
N 4 
T5 83 * 
45 of _—_— * o 


98 ( Mfironomical Problem  * 
As Radius — ——— _ — ww 7 ſeccccoe 
To te BYC 23* 30 the greateſt Deellnation— — 1076769. 
80 is t. BC 19 zo the preſent Deelinatlon—. — 9,1421487 
To f. YB 54 31 the Right Aſeenſion from 7 — TE 
The ſame Caution which was given for the right accounting the Sun's 
Place in the third Problem, ſerve for the Right Aſcenſion ; only as that 
was given in Signs, degrees and minutes, this muſt be given in degrees 
and minutes from Aries, | | 
1 Example 2. The Sun's Declin- is 14* 100 South decreaſing. 
5 gs To find the Right Aſcenſion Plate 3. Fig: 1, 


e Operation, 
2; | In the Right-angled Triangle Y DF. 
As Radius — —— — —— Leg. te eee 
{ -, , To DYF——23? 30, the Sun's greateſt Declin. 10.3616981 
So is t. DF -— 14 10, the preſent Delination — « —-- 9.4021237 
To ſ. y D——35 29, the Right Aſcenſion --—- — 19.7638218 
The Complement of 35 29, to 360 is 324* 3r', the Right Aſcenſion 
from Artes | 4 : 
PROB V. The Latitude of a Place, and the Sun's Declination 
being given, to find the Aſcenſional Difference 


Example. In the Latitude of 51 32', the Sun's Declination being 20? 
125, to find the Aſcenſional Difference. 
| In the Right-angled Triangle a bc Plate 3. Fig. 1. 
There is given the Leg be 20 12', the $un's Declination, and the 
oppoſite Angle bac 38 28, the Complement of the Latitude, or the 
Angle between the Equinoctial and Horizon (by the firſt Caſe) to find 
the other Leg a b, the Aſcenſional Difference. 
: 8 The Operation 
As Radius — — —— — Log. 10.0000000 
To tc, bac 38 28' the Compl. of the Lat. ——— 100999135 
o ist bc —20 12, the Declination— . 0 5657633 


Tof ab — 37 35, the Aſcenſional Difference———Ig,6556768 
PROB. VI. To find the Oblique Aſcenſion or Declenſion, 


Fir, Find the Aſcenſional Difference by the fifth Problem, and the 
Light Aſcenſion by the fourth Problem. 

Secondly, If the Sun's Declination be Northerly, the A ſcenſtonal Diffe- 
rence ſubtracted from theRighe Aſcenſion leaves the Oblique Aſcenſion ; 
vi and added to the Right Aſcenſion, gives the Oblique Deſcenſion. 


* 
- 
) 
x 
i 
> * 
"1 
© 
: y 
11 
4 
3} 1 
a 4 
7 
” 
. 
* . 
6? 
j 
% * 
bl 
Wii * 
11 
"Ws 
3\ a 
„ 
1 * 
10 
+ 
12 
15 
1 
-+ 
o 
N. 4 
1 
. 
1 
— 
N 


** 
* 

; 
e vl 
4 

1 
'f 
8 
* 
F 
14 
10 
þ ns 
* 
8 


« 


Thirdly 


| 
| 
| 
, 
| 


- > Ot 2 


as ww whHhOo 


FL 


reduced into Time, makes x Hour 50 Minutes, 
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me Aſwonomical Problems, » „ 0 orb 
bird, It the Sun's Declination be ſoutherly, the, Aſcenſional Dife= 2 
rence added to the Right Aſcenſion, gives the Oblique Aſcenſion ; and 47 
ſubſtracted therefrom, leaves the Oblique Deſeenſion; g x 
Note z If the Right Aſcenſion be lefs than the Afcenfional Difference; WM 
add 360 to the Right Aſcenſion, and then ſubtract it therefrom ; or ik 
the Sum of the Right Aſcenſion and Aſcenſional Nifterence, excceds bs 
260", _ 6", the Remainder is the Oblique Aſcenſion or Deſeen- 7 
ſion required. 3 | | Wo 
ROB. VII. To find the Time of the Sun's Riſing or Setting, and con- 4 | 
ſequently the Length of the Day or Night: 1 
Firſt, Find the Aſcenſional Difference by the 5th Problem, which al 
reduced into Hours and Minutes of Time, by allowing for every 15* ,, 8 
one Hour, and for every degree leſs than 15, 4 Min. of Time, and fol- 


every 15 one Minute of Time. 5 
Secondly, If the Sun's Declination be Northerly, the Aſcenſional Dif- 
ference added to 6 Hours, *gives the Time of Sun ſetting, -Y 
And ſubſtracted therefrom, leaves the time of Sun riſing. » = 
On che contrary, if the Sun's Declination be ſoutherly, the Aſcenſional 
Difference added to 6 Hours, gives the time of Sun riſing, and ſubſtra- 
Fed therefrom, the time of Sun —_— * 
Thirdly, It you double the time of Sun ſetting, it gives you the 
Length of the Day: And the time of Sun · riſe doubled, the Length of 
the Night. | : Pk 
T_ 1. In the Latitude 51* 32. North, the Sun's Declination 20? 
12' North. | 
And the Aſcenſional Difference by the 5th Problem is 27* 35', which 


Ho. Min. 
Therefore the Time of Suh · ſetting is 1 = 
The Time of Sun-riſing 4 10 
The Length of the Day 15 40 
The Length of the Night 8 20 


Example 2. In the Latitude 5 1* 325 the Declin. 201 South. 
And the Aſcenſional Difference is 27 35, which makes (as before) 


t Hour 30 Minutes of Time. 
Ho. Min. 
The Time of Sun-riſing 7 50 
The Time of Sun-ſerting 10 
The Length ot the _ | | 7 20 ' 
The Length of the Night 11 40 
N | | PROB, 
"I 0 


3 IE AftronomicaF Problems. 


DP. 
"ONS 60 1 

PROB. VIII. The Latitude of a Place, and the Sun's Declinät 
a ing given, to find the Sun's Amplitude. 
13 Example. In the Latitude of 51 32%, the Sun's Declination being 20 
12, to Had the Amplitude. | 
ins the Right angled Triangle a be, there is given the Leg bc, 20 
182% and the oppoſite Ang'e bac 38* 28' (by the tenth Caſe) to find 

re Hypothenuſe a c the Aqplituge 138 1 


A 


25 a The Operation, 2 3 3 
1 As ſ bac 38 O28“ the Complement of the Latitude 297938317 
10 Radius —— 10.0000000 
So is ſ. be 20 12, the Declination — — 37819 
Ms 3 , 3 43 


L739  Toſac 33 43» the Amplitude —— —g 7443626 
""_ If the Sun's Declination be northerly, the Amplitude is to the North- 
* ward of the Eaſt or Weſt; if the the Declination be ſoutherly, to the 
„  Southward | | 

VM ROB. IX. The Latitude of a Place and the Sun's Declination being 
„given, to find what time the Sun ſhall be due Eaſt or Weſt | 
# 44 Example. In the Latitude of 5 1* 32' North, the Sun's Declination is 
20% 19' North. | 1 
To find what time the Sun ſhall be due Eaſt or Weſt. 
"hu In the Right-angle Triangle ad e, there is given the Leg die 207 
, and the oppoſite Angle dae 51* 3%, (by the firſt Cafe) to find 
te Leg ae, the time from (i% Plate 3. Fig. . 
% The Operation | 

As the Radius ——— — f 000 


— —— — — 


5 Tote. dae y1* 3% the Latſtud co g:gacolsy 


So ls ted ee 10 12, the Neclination — — — 81170 

To {, a e-—16 Je, the Dillaiice from (x — — 79 46 HL 
Which being reduced into time, makes one Hour eight Minutes fere, 
which added to (ix Hours, gives 7 Hours and 8 Minutes, at which time 
the Sun comes to the Eaſt and ſubſtracted from ſix Hours, leaves four 
Hours 5z Minutes, the time of his being in the Weſt Azimuth, or 

Prime Vertical: . | 
PROB. X. The Latitude of the Place, and the Sun's Declination be. 
ing given, to find the Sun's Altitude, being in the Eaſt or Weſt Azimuth, 
or Prime Vertical | 
Example In the Latitude of 51 deg. 32 min, North, the Declination 
20 degrees 12 minutes North, to find the Sun's Altitude, being due Eaſt 
ot Welt, | | | In 
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. .Caſe) to find the oppoſite Leg be. 


A1 Radu 


ZP ;8* 28' the Compl, of the nd PD 66* ze“ the Compl. of Hs 
| \ 


In the right-adgled Triangle a d e, there is given the Leg 6 e 20* 12 


and the oppoſite Angle dae 51 deg 32 min- (by the tenth Caſe) to find "Wl 
the Hypothenuſe a d. 5 Plate 3 Fig 2 
| The Operation. 


As ſ dae 51 3:' the Latitude ĩ ö g $937452 
To Radius — — — — — oOo ooo oO O0 
So ld e 20 12, the Declination —— 9.381943 
To ſ. ad 26 10, the Alt. in the Prime Vertical 96444491 
PROB. XI. The Latitude of a Place, and the Sun's Declination be- "we 

ing given, to find the Sun's Altitude at ſix of the Clock. 9 
Example. In the Latitude 5 1 deg 32 min. North, the Declination 2 3 

deg. 30 min. North, to find the Sun's Altitude at fix. 

In the right angled Triangle abc, 51 deg. 32 min. (by the ninth ©. 

| Plate 3- RM 

The Operation. 13 4 

— Log. 10 0000000 
To . a c, 239 zo“ the Deeliuation!ü!łẽé—é4v—ͥ' e 9 600 7000 
So in bac 32, the Latitude wo come wm cw ee gn 
10 f. bets tt, the Altitude at fix wwe .— 19. 4944453 
PROB, XII. The Latitude of 4 Place, and the Sun's Declination, 

belng given, to find the Auth at fix 
Example: In the Latitude 31 5 144 min, North, the Deelination © 

23 deg zo min, North, to find the Sun's Azimnth at (ix of the Clock, i 
In the right-angled 1 abt, there is given the Myporbenyy/e, & e, 

v4 deg. yo min and the Anglo bac, yt deg 34 min, (Vy the (th 

Caſe) to find the adjacent 28. Plate q. Pig. 44 

: The Operation: 

As Rally numer: hs — Log 100000000 
Tot.ac + 24* zo the Deellnation . — g 6484019 
So lo ſe bac gt 32, the Latitude oo 7117 
ot. 4ab— 1 os, the Azimuth from the Eaſt == 19.421116 
PROB, XIII. The Latitude of the Place, the Sun's Altitude and 

Declination being given, to find his 4x /m 
Example 1. In the Latitude gx deg gs min. North, the Declination 

2 — min. North, the Altitude 49 deg 40 min. to find the Sun's 
vimut h. 

In the oblique angled Triangle DPZ, there is given the three Sides, 


o 


gu 


«4. % 
* 


: | 
#1 


11 
1. mp! Angle 
Deb, the Sun's Azimuth fro: Plate 3 Fig. x; 


| | 1he Operation 
The {ZD 40% 207% Sine — — — 00. Ar. 0.1889 391 
Legs 1ZP 38 28 Sine „ . Ar.0,2061 683 
The Baſe DP 66 30 J Sum 72 39 Sine Log. —— "99297164 
Sum —14 1 18 Rem 06 og Sine ----— ———-—9 0209182 
3 Sum 72 :9 —ͤ —— — Sum 19 4048019 
Rem, 06 og ic. —- 59 44 -»— — --— ; Sum 9.7024005 
Which doubled - —59 44 produces In | 
The Sun's Azimuth — 119 28 from the North, 
Example 2 In the Lat. 51* 32' North, the Sun's Declin. is 15 16' 


"| | South, and his Altit. 19* 37'; to find his Azimuth from the North. 4 
1 ä Plate 3. Fig. 4. 


The Operation. 
In the Triangle DPZ, 3 
There is given PZ 389 28' 2 
DZ 70? 23', DP 105” 16˙ and DZP required. 


The 5 2 70* 23 He — .—— Co. Ar. 0.02596 
Legs . ZP 38 28 Sing —— h e 48.848367 


The Baſe DP 105 16 f Sum 10) 03' Sine Log. —9.9804803 


—— 


Sum — 214 7 Rem. 01 47 Se 84930398 


Sum — 107 03 —=— Sum 18 7056562 


Rem —— 91 47 ſc—— 76 59g —- — + Sum 9.352828; 
Which doubled —-— 76 39 produces 


-”-. 


The Sun's Acimuth 1353 58 from the North. 

Example 3. In the Lat. 51* 3 2 South, the Sun's Declin 23* 30' South, 
and his A/titude 49* 40' to find his A from the South, + 

In the Triangle DPZ, P muſt repreſent the Sur Pole ; then there is 
given PZ 38 deg. 28 mit, the Compl. of the Latit' DZ 46 deg: 20 min. 
the Comp! of the Altitude; PD 66 deg. 30 min. the Compl, of the 
Detlination, or the Sun's diſtance from the elevated (or Sourh) Pole, to 
find PZD, the Sun's Azimuth from the St h. Plate 3 Ig. g. 
The Operation is the lame with the firſt Example z only as the A“. 
unt h there was accounted from the North, this finds It from the South 
part of the Horizon, which is 119 deg 28 min, 


Example 4. In the Lat 5 f. deg: 50 min South, the Suns Declina- | 
the 


tlon is 25 deg! 16 min, North, an 


Altitude 19 deg: 7 min · to find 
0 his A/ u from the South. | 4 


te. ge 4 
In 


Ko, Mt a OO. = 


DO Q 


RY Oo) 


"4 42 


So 


nne WS wy 


| * MN 


R_ * 
40 by p 

F þ 

p * 2 

* x 


448 4 * * 
W e 
* 3 * 4 LL. 9 Ll * 
e o 
4 I R 


8 Y | 
p Ji = a 
AM ib 


„Len * 11-14 bd | Fora 
| [i the Triangle DPZ, P repreſents the South Pole, as in the former *M 
Example. | 3085 


Then there is given PZ 38 deg. 28 min. DZ 70 deg. 23 min. PD *% 
105 deg. 16 min. and DZP required, | } 
The Operation is the ſame wich the ſecond Example, only the Azi- 
muth found is to be accounted from the South, which will be found 153 
deg. 8 min, - | . 
505 XIV. The Latitude of the Place, the Sun's Declination and 
Altitude being given, to find the Hout of the _ | 
Example x. In the Latit. 51* 32' North, the Sun's Declin is 23* 30 
North, and his Altitude 49 deg- 40 min to find the Hour from Noon. 
| In the Triangle DPZ, there is given PZ 38 deg. 28 min. DZ 40 
deg. 20 min. DP 66 deg 30 min. and DPZ the Hour from Noon re- 


quited.* 22 
| The Operation Plate 3. Fig. 3. 2 

The f DP 66* zo! Sine Co. Ar. o. o3 76022 

Legs! FEZ 38 28 Sine Co. Ar: o 20616833 

Sum 145__18 Rem. 32 19 Sine 9-7280275 

Sum 71 % wo 68 

Rem. go 190 al v4 ::. Sum 9.9757872 


The Double of 18 deg. 57 min. is 37 deg. 54 min. which being te- 
duced into time, gives two Hours 32 min. from Noon; (@ that the 
Hour of the Day is either 2 hours $a min Afternoon, or 9 hours 38 m. 
before Noon. | 1 

Example 2. In the Latit. 51 32 North, the Sun's Della. 1316 
South, and his A'tit, 19* 37 to find the Hour P. M. Afternoon. 

In the r DPE, there is given the three (ides, PZ 38167 
DZ 76* 23', PD 165% 16', and DP required: Plate 3. Fig 4. 


The Operation. 
The 14 MY 10“ Sine Co. Ar, 016019 
Legs (PZ, 4z8 238 Sine Co: Ay: 0.406 1683 | 
The Baſe DZ7o 14 f Sum 10% o; Log. Sehe 4 
Sum —— 114 07 Rem. 36 40 9.7760897 
1 Sum — io 8 11ͤ—— — — — —— 041 
Rem 16 40 $6, 1 


3 44 9 9991 708 
Which doubled, produces as deg. 28 min and that reduced Into 
Time, makes 1 hour 44 mln, fere, | 
PROB: XV. The Latitude of a Place, the Sun's Dec//nation, and the 
Hour of the day g:Yen, to find the Sun's Altitude, | 


Example 


. 
1 * y 1 4d ö . 0 & * iN | * | 
4 * * Lads - MR * = as ti WW l 
? 6 4 a "A's , \ wy 1 FI F * _ 
* by 1 } g | TY n A N Ww *” 0 


* j „ 
0 . if 
\ of 4 Ts ry £ 
\ , 12 Fd 3 
_ \ » 4 * 1 3 ' 
, q oe . 92 3. . = 
k and © #6 
* _ 
141 *F" 
N en 
N 2 5 | ha 
* 


eli 


1 hour 53 min. reduced, makes 28 deg. 15 min. | 
In the Triangle DPZ, there is given the two Sides, PZ 38 deg. 28 min, 
DP 66 deg. 30 min. and the contained Angle DPZ 28 deg. 15 min. and 
the third Side DZ required, (by Caſe the 9th ) | 
3 * The Operation Plate 3. Fig. z. 
As the Radiug==——— — — —— Log. 10.0000000 
To ſc. DPZ 28* 15! the contained Angle — — — 99449220 
So is t. PZ — 38 28 the leſſer Sid: — — -———- ——9,9000865 
To t. ----— 34 59 a fourth Arch ——— — 15 845008; 
From the other Side P — 866“ 0% 
Subtract the fourth Arch — —— 34 59 
The Remainder is the reſidual Arch — 31 31 | 
| 5 Co. Ar. 
As ſc, — — 34 59 the fourth Arch — —.— 0865471 
To ic. — —— 31 31 the reſidual Arch—— — — 9 gz0688; 
So is ſe PZ - ——— 38 28 the leſſer ſide —— -— —=g. 8937451 
To ſc, DE —=—135 27-the fide ſought 19 tog8o6 
Whoſe Complement 54 deg. 33 min. is the Altitude required, - 


- PROB. XVI. The Latitude of a Place, the Sun's Declination: and the 


Hour given, to find the Sun's Apimuth. 
Example. In the Latitude 51 deg) » min, North, the Sun's Declina- 
tion is 15 deg. 16 min, South, and the Hour to hours 18 min. in the 
 Mornlng ; to find the Sun's Apimuth: 


The time from Noon le t hour 44 min. 


Which ſedueed, is 25 deg, 3e min. 
In the Triangle DPZ, there 18 given the two Sides PZ 6 48', PD 


* 16“, and the contained Angle DPZ w q9 to find one of the op- 
polite Angles, vis. P4D, (by Caſe the third) 


The Operation 
PD 105% 10 | 


= 0-0 732 
Sum 7 Sum 71 52} DPZ 2357“ 30 


Diff. 66 48; Diff, 33 24 the half 12 43 


AN * nm aonfoem. a 
li- , / 4 Co. Ar. 
n. As (.4. 2 ere. DP and PZ— 2 52 — — 0092921234 
To . — — 33 24 — — 740748 , 
| So is tc. + DPZ—o=—— z——— 106453598 
In, Tot, i XI PDZ and PZD——68 39, — —— 104082263 , * 
1d . Co. Ar. «< 
As ſc. 4 Zcr?, DP and PZ————71 52 ——.— 0.5069194 


To ſe. Xr. == mmm == 33 24 == — . — 9.921607} 
So is tc. DZP————— -- 12 45 — = 


20 To t. 4 ZLs * * PZD —85 10 ——— - #1 71 0738865 
65 1 Zos, B85? | 
7 iXls 5 


Sum 153 49 DZ2P required, : F 
Which is the Sun's Azimuth from the North. W— 

PROB, XVII, The Latitude of a Place, the Sun's Altitude And Ax i- 
muth given, to find the Hour: | 


Example In. the Latitude 51 deg. 32 min. the Sun's Altitude 49 de es: 1 
40 min. his Azimuth 119 deg. 44 min. from the North; to find Ms 
Hour Afternoon. 

In the Triangle DPZ, chere. is given the two ſides D 40 deg 20 min. 
PZ z8 deg. 28 min and the contained Angle DZ P, 1% deg. 44 min. 
and the jy Angle Dp requitgd: (by Cal the ** | 
10 The Operation | Plate 1 Fig. 3. 


2 1 . 19" 14 . 11944 * 
Dif 04 5* Dig ee 56 Fihe half 19 56 Co Ax. 
. Zeta, DL and LD ———T +; === = 0,1 974106 
To f. Ker. — — = 00 — — ; ; 949 ; 


D ** DR — 03 
op- ot XC PDZ and DPZ — — 00 — 107 


As ſe. 4 zer DZ and — nn gg 4 — 11970 
To ls, Xe. — — — 0 6 — — 9 9999414 


To t.! 20 PDzZ and DZP ——36 4 —— 19. #756818 1 
12 Ly 269 | "y 
00 TH 


Sum—37 43 Db required · 


Note 


* 


— 8 | p , J . rn 
7 . * WY N "A 7 * . ſ = - \ 
i — 


# * I * : 
* . 4 a 4 59 = 
M 83 © $4 \ 3. Fi 
d 6. Ty 9 T * = * % —-* ** = | . 1829 4 a 
j 2 1 mes * 4 5 + G \ ©» 44 # [ M + 42 12 9 1 i E 
* A) — * a Fo * 45 "4 % 4 : F 4 2 * h * > / $4 z 7 * 4 - a N 
4 N 4 A if 1 * 8 2 7 "4 * * 5 5 > p * Y we ; 3 ba” Wd * = 
1 : v4 ..av 4 Lg Ve "CP" TIT b ** y 2 , 2: a 3 #Y>- 3 oY” of a . 
F & a * * 1 — 4 . 5 A 8 FA 7-4 N — ** n "JP * 5 * * *. * 
4 * "44 3 Y N . 2 
1 c * f of F MY 
+2 . 
0 5 


Note; DPZ is the greater Angle, becauſe oppoſite to the preater 
DZ ; 37* 45 NT makes the Time 2 hours 3 t min. 1 
* PROG: XVIII. The Latitude and Longitude of a fixed Star being gi. 
ven, to find the Right Aſcenſſon 6nd Declination, | | 
Example, The Longitude of Caſtor is 15“ 33' of Cancer, and his Latt. 
tude 10 o North; to findthis * Aſcenſion and Declination, 
In the Oblique Triangle DIP, there is given two Sides, Ip 13 de 
10 min. the Diſtance between the Pole of the Equinoftial and the Pole 
of the Ecliptick; ID 79 dep: (8 min the Complement of the Latitude; 
and the contained Angle DIP, 15 deft. 33 min, the Longitude from Cay. 
cer 1 To find one of the oppoſite Angles DPI, the Complement to 185" 
of the Right ”_—_ from Cancer ; and the third Side Bb. the Comple- 
ment of Declination. Plate 3. Fig. v, 


4 l \ 
£ 9 ? 4 * bs \ 
ol k = ys + 148 1 * 
, i 1.4 4 


x * | 

r ”W 
oe XK 

11 


The 0 alen. For the Right Aſten fon. 
W * A4 0e 
= a2 


”y Sum 103 28 þ Sum 519 1 CPL 135 } 
| Dif, "56 28 + Diff, 28 14 J DIP 07 . 


. 0 / Co, Ar. 
As ( 4 Zeb. ID and IP. ———;: 4 


g—— 0,1050547 
To ſ. Xe — —_—_—_—_—— 2 14—— 96749194 
So is tc. 1 DIP ——— ———- 07 46 —— 10.866216; 


To t. 4 XC DPI and IDP ——77 15—— 10.645 1906 


1 | 5 0 Co, Ar. 
4s ſc : Zcra ID and IP 51 44 — — — 0.208083 
$1.8 To ic; þ Xcr#j m_ 7 — — — 


So is tc. 1 DIP —— —— 07 46 ——— -—— 108652165 
To t. 1 Zz Ls DPI and IDP 84 31————————,018:896 
4278 84 31 | RE” 

XI 22.11 | 
Sum 161 46 DPI : ; | | 
Whoſe Complement to 180 deg. is 18 deg. 14 min- the Right Aſcenſion 
from Cancer; the Right Aſcenſion of Cancer is 90 deg. and theretore the 
A Right Aſcenſion from Aries is 108 deg- 14 min, 5} th 
bY Ge. DN Pr the Dedclination, Co. Ar. 
As f DPI — 161* 46' the Compl: of the 3 o 5046117 
1 To ſ. DI — 79 38 the Complement of the Latitude —9. 993 3068 
So is ſ. DIP—15 33 the Longitude from Cancer —— 9.4282631 
To ſ. DP— 57 z the Complement of theDeclin, Sp paganee | 
| | ole 


82 8 "_ 


kn. 2$ min le the Declization Northerly,. 
ROB Xl R t don and Declination of a fixed SU, 


being given, to find the Longitude and Laticude thereof, _ 
The Right Aſcenfion of Caſter is 18 as , and his Declin- 
136 North 4 to nd his Longitude and Latitude 
1 the Triangle ; there is given the two Sides, IP 23* 30 [ eD 
and the contained Angle DPI 161* 4% to find the oppoſite «4 
W000 „ DIP, and the third fide DI, (by Caſe the third) 
Plate 3. Fig, 5. 


The Operation, J fud the wen 
11 11 ay* nd 


dum um 40 % DPI 1615 71 
Dif, = 58. 4 Dif, a 0 D 80 15 TV" * 


AC. { Zers, PD and IP — 40 49 —— — 2 670%, 


To t: XC DIP and 15 — 08 kms 


Ar, 0 5am. PD and IP——40 290 — % 
So is tc- 1 DPI 90 52 — — .es: 
To t. Z DIP . 25 — — e 7 4 

i 2s mos _ 1 
IK 04 © | 
Sum — 15 " 7 DIP the lx. from Civ 5: 

70 find the Latitude. Co. 4. | 

As f. 18 2 the Longitud gitude from Cancer — . 77369 ** 
To . DP. —' the Complement WN APES 
So is . DPI well As Cond of the Right Aſcenſion 9. 


To ſ. DI-—— 80 oi the Com erl. j 
PROB. XX. The Diftance of a Planet 2 Copel, Of RED Ne two - 

po 5 2 Stan being given, to ind the unknoun Kar s Longitude 

and Latitude. 

Example. The unknown Star's Diſtance from the Swan's Beak is 49* 
of re 88 deg. $7 min. Ve ans * 

titude thereof 

Of the Swan 's Bunk, w 6; 49 02 
Long. 18 b [ 8 27 let 5 N 


\ 
* 1 


* 


* | 106 "AR Problems. 
Here IK rep reſents the Poles of the Ecliptich, A the Swan's Brak, D 


* Perſon's Side Ame unknown Kar; then 

| . | T In the Tan le ADI there is giver ** d deg 58 min, 
* the Complement Latitude of the '4 Neal, ply * 17 al the 
17 — Latitude of Perſen/'s S/de, the contin Angle AID 146 


min. the Difference of Longitude between the 75 Stars me 


a 5 le DAI, and the (Ide AD ay cog Plate of s 
1 he Operation, | 4 
4 f.! Zers, AL and! 0 1 NM gm 
10 . 1 K. ———— 0 1h — — 955 0967 
80 is te. L AID — — 60 16 — 6 
Tot. . XC. DAI and 401 — cs 56 — $0664 
. 0: MY 
N i As ſc. 4 Zeri, AI and — 16 1 
I0 ſe. + Lets — — — 2 0 — 9 9940449 
80 le te 1 AID — — 60 16 — — 2.116 


[Tot 240 DAI and ADI —— 41 29 — — 4g 9466 i 
The Angle DAT is 48 25 1 g 1 
0, At. 


| * 
1 4 DAI — —— 48 25 0.126103$ 
3 To ſ. DI —— 95 — 957776353 
At 80 is . AID ——-- — — — 120 33 — --- 99340969 
. To ſ. AD — 85 22 — 19983657 
1 2. In the Triangle ADB there is given three Sides, — 85 deg. 02 
. min the Diſtance hn two known Stars, AB 49 deg, os min. = 
i * unknown Stars Diſtance from the Swans Beak, BD: 88 deg. 57 57. min, the 
| Diſtance from Perſeus's Side; and the Angle DAG req 


The Operation. Plate 3. Fig. 6. 
OR * .. 0.00 16337 


AB — ——4 os, Sine —.— Co. Ar.0.116719 
BD ——- 8 — 11132“ Sine = 9 9685783 
Sum ——2:3 04 Rem—22 35 Sine — 5843615 


Sum —— — 111 15 85 — YM 19.6762 


15 
1 


5 


% 7 AD 


1 ; em- — Y 37 80 — 46 281 Sum 98381227 
i Which being doubled, mak; 92” 36, the Angle DAB required. 
My | Which bein added ro the Angle DAI, the * is the Angle BAI 


* 25 deg- 21 m 
In the Triangle ABI there is given, the two Sides, AI 40 deg. 


0 5 AB4y deg os min. the 8 Angle BAI, 141 deg, 21 por 


4 


' W 


Amen Probleme; | | , 107 


the difference of Longitude between the unknowd 
Beal, and the Side BI, the Compl, * the — 


0. 

The * 8 7 ky 

foie ny 1 =—== 

1. —ä—ꝓ— —E—Gðÿͤ — 7. 

do is de — . 1757 

To 1. XA and AI8— 01 0 — — 144 : 7 
A. 

As ſe. Zr Aland AB ——=4y or — 4 
To ſe. I Ner, — 04 03 — — — 899914 
80 is te 4 BAI _ _— 406 — Eur. ti 
Tot TZI ABland AIB 26 20 — — 19.6946748 e 
The Angle AIB is 28 deg, 20 min. which added to the ongitude. 

of the Swan's Deal, v 36 deg 39 min, makes the unknown Star's . 

tude to be * 14 deg, Fon in, Co. A. 4 

A ok AB =» 45 

Oh — 61 — —¾— 8 
So is L BAT — f ie 

To ſ. Bl — ? . — 3. 97 n 
Whoſe Complement to —— go" that is 6* 3“ is the unknown 

Star's Latitude Northerly. 7 


PROB XXI. The Meridian Altitude of an unkrown Star or Planer, 
and the Diſtance from a known fixed Star being given ; to find the un- 


known Star's Latitude and Longitude. 
Example. In the Latitude 5 1 deg: 32 min- North, the Meridian Alti- 


tude of an unknown Star is 30 deg. 36 min. and his Diſtance from the 
Star in Cephens's Girdle is 84 degrees 32 minutes, to find his Longitude x 4 


and Latitude. 
The Meridian Altitude of the Star being given, his Declination is alſo * 


iven. 
b For the Meridian Altitude ſubtracted from the Com — of the 


Latitude 38 28', there remains 7 52 the Declination 

Firſt There 25 in the Triangle AOP, there is given the three © 4 
Sides 157 20 20 deg 52 min the known Star's Diſtance ſrom the North 
Pole, AP 97 d 


wo 1 the unknown Star's Diſtance therefrom, 420 
84 deg am inthe Diſtance between the two Stars, and the Angle APO 
— . being 


ba | * 
* 4 


400 40 le Al 
— and ＋ foe 


Star's Latitud de required, 


* 


the Difference of Right-Aſcenſion'berween the two. 
Stars (by Cup the wa Wee PX DINE "eng, 
* 0 * a en 


ES Aſtronomical Problems 


The Operation | 
> i... 1 Oh, 2, Dae d 206g 
AP 97 51 Sifieo—— -— -——__ Co, fr, 00041164. | 


en. 17 eee - os 
4 12 


i dne 110 
| Which doubled is 500eg. 49 min the Angle 78 911 ö 
The Right Aſcenſion of c irdle is 3 210 bob to which add 
50* 46 rhe unknown Star being to the Eaſtward of the mewn Star 
produceth the aq od Aſcenſion of the unknown Star 11* | 
MM Sreondly, Then having the unknown Star's Right Aſcen w Decli- 
b nation, you may find bis Longitude and Latitude by Prob. 19. | 
1 PROEB. XXII. Having the Latitude of the Place, the Sun Right Af 
wi. 2 = the Altitude of a known fixed Star, vo find the r of | 
the | 
Exam "Fo the Latitude of 51* 32', the Sun's Right Aſcenſion being 
2285 46 and the Altitude of Altebaran z38* 58', to the Eaſtward of the 
vets ; to find the Hour of th: Night. 
The Right Aſcenſion of Aldebarnn is 64 deg. 10 min and his Decli- 
nation 15 deg. 46 min. | 
In the hinge ple APZ, there is given the three ſides PZ, 38? 28" the 
the Latitude * AZ 51* 02', the — 2 the 


6 _ Altitude "AP 
74? 14', the Complement of his. Dedlination, to find 
Four gt A Wan wick of Right: Aſcenſion between Medium Cal? 
an: Tue & Fig. 8. 


| Tze Operation: | 
To AP Sine 74* Lo —— — — Co Hr. 0,0166558 4 
50 * "PZ Sine 38 28 —— — .. e 4r. 0206168g | 
nf Sum, Sine 81 52 ae ne e, de On LOG 9-995 6ogg | 
em. Sine I. COR — — — 

5 | Som 19. 9284628 
8c. 22 — — 2 Rs — — — | 
oduces 4 58. eh 
This ſubtracted Pong tr Right A4 lcenſſon of '4ldwlierin 7 18˙ 

4 the Right Aſcenſion of the Aid Neaven. Add 360 deg. 10 18 deg. 42 


3 — — cp wh the 1 ſubtra the Sun Right Aſcerifion 428 def \ 5 
49 deg- 27 min reduced into ime, weng Nour 
„the Hour of the Night ſought. - 1 


55 qr ge Two unequal Altitudes of tie zun takin in one Day, 
With the Time between the of eh and the Sin's _—_ 


+ | 1 | 
| ” ; 9 4 1 + , I 
F 1 | wh nd TR” 4 | a 


K 
* 


r 
- 4 n 
* 


T \ g 0 42 * a, N A We | me ” T S | | 
* F ' Afferonomjcal Problems. c 109 
. nackes, being given ; to find the Latitude of the Place of Obſerva- 


Es le. The two Altitudes are 43 deg. 6 min. and 56 degrees 
min. Zan Time between the Obferracons fo two Hours, and the Sun 1 
Declination 20 deg, 14 min. North; to find che Latitude of the Place 


Northerly. | 
in the Right angled Trian ge ABP, there is the Hypotbenuſe _ * 
AP 69 deg- 46 min. the —— of the e the An . 
APB Nr — the time between the Obſervations, and the oppo- 
ſite Leg AB Plate 4- Fig. 9. 
The — | 
As Radius 7 — . 0.000000 
To ſ. APB — 15? 0 ——-- — 949 
So is ſ. AP —— 6g 46 —— ————_—_— — 9129 „ 


| Which being mays W- gives AE 28 deg- 6 min. 

Secondly, In the oblique angled Triangle APE, there is given the two - "a 
Sides AE 28 deg. 6 min EP 69 deg. 46 min the puns Angle APE þ. 
zo deg- oo min. and the . oppoſite Angle EAP required. 

W ee Fig. 9. 
Tue Operation Co. Ar 

To l. Ter 30 oo — — — 9.6989900 . 

$018 {. EP ——— y _ — — — — 


To . 2 * — — 75 | 
Thiy Ovianyed Tn Triangle AZE, thete is 144 
-x Si 's A 33* 26', the ement of the greater Alti EE 
* 54 4, the Complement of the Jeff AE 28* os', and the Angle 42 
A a * Plate 4+ T1 
The Oper ation. a 
AZ Sine ; Pants — 05 Av. 015881770. 
AE Sine f 0 — C, Ar, 0.316g68t 


= ine Sum $4 Em — Log. 9505447 : 
Aem. Sine 07. 1 W getee * 


* * 2 


Which FOR... orodures EAE 101 degrees _—_— 5 Nan ae 
tracing EAP 165 4 min- there —. AZ 16 dag 50 min. 
\ Ray, In the © deg; 46 =, e 2 Fed 

| 9 4 N. „em. eon nad *. 


PAZ 16 cog! 30 mln. 


* 
* » *. 
bn 1 


| 2 


3 


1 
; WP 
T; N "I * 


5 5 * * "RY 
110 Aſtronomical Problems. 
5 * 3 | * The Operation. LES 2 % 0 Plate 4. Fig. 
As Radius — —— | ern 10 0000000 
To ſc. PAZ — — — 16 15— — _—_ 9.98 2291 
80 is t. A— — 33 26 —— — 9.8968 
To t. of a fourth Arch — 32 22... —.—719.8019% 
˖ . I 0 7 Ws EN Co. Ar. a 
[4s ſc of the fourth Arch — 32 22 <——— — 073326 
Iu0O ſc of the Reſidua! 37 24 —— — — — 9. Oo 
So is ſc. AZ — == 33 26 ——— ——— — 9:92 1440 
To ic. PZ —————3 i7 — ———19 894816 
. Whoſe Complement 51 43 is the Latitude Northerly. 
PROB XXIV Two unequal Altitudes of the Sun, and the Difference 
of their corteſpondent Azimuths taken in one Day, and the Su} 
Declination be 1 pe to find the Lat» of the Place of Obſervation 
Example The firlt Altitude is 43 deg 6 min. and the ſecond 4h 
tude 56 deg. 34 min. the Difference of Azimuth: Degrees 16 Minutes 
and the Sun's Declination is 20 Degrees 14 Minutes North; to find th 
Latitude of the Place Northerly. | 
Firſt, In the Oblique-ang ed Triangle AEZ, there is given the tw 
Sides AZ 44 Degrees 26 Minutes, EZ 46 Degrees 54 Minutes, the cov 
tained Angle AZE 39 degrees 16 minutes, the Difference of the 40 
muthi and the Ang/e EAZ, and the third Side AE required, 
8 The Operation. | Plate & j 
0, AY 


| As. * ere, AZ and EZ m—_—_ 10 — 90400 
| To ' i X Cf, wes a= — s 4 n 


$0 ls te. AZE — — and | 6 
To t. X Ly EAZ and AEZ 2 7 6— ——_—_—_—_— 49.7071) 
| l Re. 0, At 
[ | To 6:4 Kern === mms == of ge EE III 
To | i 4261 EAZ and AEZ 7 19 5 10614 
The Angle EAZ 1017 39% Co. Ar 
l As ſ. EAZ — — — 0 9 — wm — 04009041 
To . Elmo —— — 46 54 — cn we nes Bn A109 
80 is f. AZE — ——39 16 — —— — 9. gt 60 
To ſ. AE * 28 09 — — ors Gm 19.673810 
. Secondly, In the Right angled Triangle ABP, there is given the I 
pothenuſe AP 69 deg. 46 min. the Leg AB 14 deg- 04 min. the half! 

AE, and the adjacent Angle BAP required-- 2 


& A * 
% . 
"% 


* 


* 
7 


no * 


| — 

- = . = 
#44: * ** "I 444 & | . a 
* 4 


= 5 1 _ eh N | C 
. Aſtronomical Problems, - Sis 
1 The Operation 
8 Radi ——ů—ůp—rpů— — — — 10.0000000 


To te AP 6 46'——=——— _ - —— 9.566544 
To ſc. BAP 84 422 — — — — — — 1385654615 
From the Angle EAZ 101 deg- 39 min. ſubtra& the Angle EAP 84 
geg. 42 min. there remains the Angle PAZ, 16 deg. 57 min. 

Thirdly, In the Qblique-angled Triangle PAZ, there is given the two 


Plate 4. Fig. 9 


he third Side PZ required, 

14 uu Wan 

$ N 2— — 

To le. — — 16 GY) — — 9807120 

80 is t · AZ—— — 33 26 — 47 40 4 

ro t of a ſourth Arch — 32 16... ͤ—.——45. 003964 
4 05 


n ſc of the fourth Arch —— —32˙ 16' won . — 00738491 
To ſe of the Reſidual-— = 037 0. 984667 
80 iy ſe. AZ (a ener —— 16 —— 902 14.406 
To le: PZ —— — — — 39 19 —ꝛů— — 700 
Whole Comp. = << 9 le the Lati ude No 


SCT. mf. Containing the general Alronomieal Theorter, 
The Prolomaick SyſRem, 


HE Prolomateh Hen is that which was by Ptolemy Invented, and 
ſuppeſoth the Earth to be fixed as the Center of the World, and 

hat all the Celeſtial Bodies move round the ſame In thelr Diurual and 
The World is ſup 


The! for 6 poſs 4 to be dividec+prineipally into two Parts, E- 

to vigea"prin to two Far 

ementary and Celeſtial, INE * 
The Elementary admits of four Diviſions, 

The firſt is the Barth, 9, | | 

The ſecond is the Water; both which make one entire Body or Globe 

hhereon we dwell, | 

The third is the Air, encompaſſing the Earth. 2 

And the fourth is Fire, which according to the Opinion ef ancint 

hiloſophers, is contained in that ſpace between the Air and the Sphere 

ff the Moon; as you may ſee in the 


* | y * 
* 8 K x 4 o % - * * N 
* e f 
_— N $ [4 
X a > * 


following Figur. The 


* 


zides AP 69 4% AZ 33" 26', tho contained Ang/e PAZ 16* 57, and . 


9 
" 


The fifth of Mart. The ſixth of Jupiter. The ſeventh of Sanum 


e. 2 


Ne Polity Stem. 
The Figure of on lente on 


Theſe four Elements are ſubje& to a continual Chan and Alteration 

one into another, according to the Proverb, Omnia Sublunaria mutabilis 
The Caleſtial Part is that which is without theſe ElementaryParts voi 

of all Changes, and is by the ancient Aftrenomers divided into ten Parts 

or Heavens. 

The firſt of which, next to the Region of Fire, i is the Heaven, or Ob 


of the Moon. 
The ſecond of Mercury. The third of Venus, The fourth of the Sun 


The ne Tie of the Fixed Stars, The nuch is called 2 Het 
ven · The tenth the Primum ow * Tube 


on 
ia 
pid 
rts 


to 


I 


The Planetary Syſtems. 113 


The Magnitude of theſe Heavens ig known by the ſ 
hob gras * * = _ — round the Poles of 2 _ 
e #2008 runneth through the Heavens by he 
from 886 to Raf, in 2) Days, arms y her own natural Courſe 
Mercury in 88 Days. Venus in 225 Days. And the Sun in a Year, 
Mars wm _ pay 1 12 — Saturn in 30 Years, 
e Eighth Heaven perfects its Courſe [ 
of Spade Bake re according to the Affirmation 
Theſe Heavens are turned about upon the Axis of the World by the 
tenth Heaven, which is the Premium Mobile, or Firſt Mover, by which 


Motion is cauſed Day and Night, and the daily r 
Heavenly Lights, _ * © daily riſing and ſetting of the 


This 2 derives its Name from the Author thereof 77 bes 
Brabe, a obleman of Denmark, the moſt famous Aftronemical Ob e- 
'ator in the World in his Days; who 85 his own Obſervations did i« cti- 

tify 


Ina The Planetary Syſtems. | 
tify the Places of moſt of the Fixed Stars, which appeared in that Horizon 
wherein he lived. This famous Man, according to his preſent Appre- 
henſion, tramed this Aypothefis of the Heavenly Motions, wherein he 
ſuppoſeth, that Venus, Mercury, Mars, Jupiter, Saturn, in their Motion 
reſpect the Sun as their Center; and the dun and Moon the Earth ; and 
that Saturn in Oppoſition to the un, is nearer to the Earth than Venus in 
Apogeon; and that Mars in Oppoſition is nearer the Earth. than the Sum it 


ſelf ; as may appear in the ſaid Hypothefs. 


. 


The Copernican Syſlem, 


| This Hypothefi s firſt invented by Pythagoras, and revived by Coper- 
us a famous 8 of Germany, wks thed in the Year 1500, who 


| fon oſcs, 


[ 4 That the Sun is placed in the midſt of the World, in or about the 
! _ Center of the Sphere of the Fixed Stars, and hath no Circular Motion 


Z * 


but Central only. * 
* 3 Q 


' 


* 0” & =: 


The Planetary 8 tems, 115 
2. The primary Planets are each of them in their proper Syſtems mo- 
ved about the Sun, and accompliſh their Periodical Revolutions moſt ex- 
actly in their determinate and appointed Times, 
3. That the Earth is one of the Planets and with her annual Motion 
about the Sun deſcribeth her Orb in the middle between the Orbs of 


Mars and Venus | 
4+ That the ſecundaty Planets are ordinatily moved about the primary 


Planets reſpe&ing their Bodies for their common Nodes and Centers, 
5+ That the ſecundaty Planet, the Moon is moved about the Earth, as 

her Center, whete, by reaſon of the annual Motion of the Earth, ſhe 

hath not only relation to the Earth, but by conſequence to the Sun, as 


have the other Planets, 
+, That as this primary Planet, the Earth, is invironed with the 8phe 


of the Moon; ſo ate ſome of the other primary Planets, who have In like 
manner their Moons or Concomitants encompaſſing them, 


The Motion of the Planetary Syſtem, 


Fu, The Sun hath only a Rotation from 7% to K 
own 4 5 in the — of 8 days, or LEY M, upon hls 


Secondly, The Planet — poreres his Revolution about the 
Sun in eighty eight days; which 18 noted in the Scheme with the Fl 
gure 1 ?, 


Thirdly, The Revolution of Vuut in 225 days, noted by the Figure 


27%, 

Fourthly, The Revolution of the Eh with the Moon in one Tear; 
noted by the Circle g ®, a | 
Pifth A The Revolution of Mars in two Years ; noted by 4 &, 
Sixthly,' The Revolution of Jupiter, with his four Companions, In 24 


Tears noted with 5 u. 
Seventhly, The Revolution of Saturn, with his Ring and Moon, in 30 


years; noted 6 b. 

The Moon circumvoleth the Earth = Month; Jupiter's tour At- 
tendants him, in time correſponding their Diſtance from him 

The firſt, and next him, in one day 18 hours, 

The ſecond next without that, in 3 days 13 hours, 

The third in 7 days 4 hours, 

And the fourth and outmoſt, in 16 days 8 hours. 

Saturn's Moon moves about him in 16 days; and all from Weſt to 


Eaſt, according to their Revolutions about the Sun, 
P 2 Saturn, 


The Planetary Syſtems, 
a 


116 
Saturn, Jupiter, Mars, the Earth, 
volutions re ſpec̃t the Gon only) are call'd Primary Planets, 
The feſt - that move again about Saturn, Jupiter, and the Earth, ate 
wy ey Planet. | | 
The £4144 hath a Revoliition upon het EquinefHal Poles In 24 hours, 
from H/ft to Eaſt. 5 
The Secoudery Plavers are all of them much lefs in Magnitude than 


their — and all the P/avets together much lefs than the Su, 
| 


from whom 
of Motion, 

Far without the Planetary Hſtem are placed all the Fixed Stars, in ſo 
verai Diſtances, but all unto us incommenſurable. The Paralax of the 
Earth's Orb being inſenſible in any of their Places, 


A Deſerip11on of the Golden Number, Cycle of the Sun, Roman 
: Indic ion, Epact, and Leap Year, 


ey all receive their Light, Virtue, and principal Power 


T H E Golden Number, or Prime, is a Circular Revolution of 19 Years, 


in which Term of Years it hath been anciently ſuppoſed, that the 
Sun and Moon do make all the variety of Aſpects one to another, 

The Cycle of the Sun maketh its Revolution in 28 Years, becauſe in 
that time all the variety of the Dominical Letters and Leap-Vears are 
expired, and the 29th Lear the Cycle doth begin again; which Number 
is to find out the Dominical Letter for any year paſt, preſent or to come. 

The Roman Indifion confiſteth of 15 Years, and is ſet down in the 
Charters and Writings of the Protonotaries of the Pope of Rome; for once 
in 15 Years the Nations were to pay Tribute to the Romans. et: 
The Epad is a Number never exceeding 30 Days; it is the 11 days 
and ſix hours, which added to the Lunar-Tear, being 354 Days, do make 
it equal to the Solar-Iear, which is 365 days. 

The Leap Par js every 4th Year, which hath one Day more in it than 
a common Year; this Day is made up in 4 Years, by the odd 6 hours 
that are over and above 365 days, which day is added after the 247) 
of February : So that in the Leap-Year February-hath 29 days. And here 
note, that the Prime and Dominical-Letters, and the Cycle of the Sun, 
change the firſt of January; and the Epatt the firſt of March; and the 


Roman Indiction the firlt of September. . 
Memorial Verſes on the Eccleſiaſtical and Civil Ralendar, &. 
To know if it be Leap Year. 


Divide the Tear by 4, What's left ſpall be, 
For Leap-Tear o, for paſt, 1, 2, Or 3+, 


HERE 


„uu, and Merenry (whole Res 


I 


by 


/ r ũ _  - 


r , ! ! nr.... l a. —c_<_, CCS 


Memorial Parſer, 117 


U 10 omit the Hundred Lotd, and 
117% Madaus * 4: , 4 of the Year of cut : 


} Example 
Aid t , — the Hundreds | divide the Reſidue, which is 35, 
by 4, and there remains 1, Which ſhews it is the firſt after Leap year, 

| To find the Dowinieal Letter: | 


Divide the Tear, its gthy and 4 y 7 
What's left ſubtract from 7 ; the Letter's gie. 
At, Ba,Cq, ws Eg, F6, G7; 
ampit. 
The 4th part (omitting Friction) is ——= -—— 431 
To both which I add the Number —— -— x 4 
The Sum is — — — — Foy” > 
Which divided by.7, there is left 4 which ſubtracted from 7, there 
eſts 3; which ſhews the Dominical Letter for the Year 1725, is the 3d 
in order of the Alphabet, that is C. 1 | 
But the Leap-Year hath two Do ninical Letters; the latter found by 
his Rule ſerveth from St. Matthias's day to the Years end, and for find- 
ing Eaſter; the former (next following in order from A to G, and begin- 
ing again at A) ſerveth from New-lear's Day unto St. Matthias. 
For the Golden Number, Cycle of the Sun, and Indiction. 
When 1, 9, 3, #0 th Tear hath added been, 
Divide by 19, 28, 15 p | 
| Example. 
To 1725 I add 1, the Sum 1726 I divide by 19, and there remains 
16, whichis the Golden Number for the Year 1725. ö 
Again, to 1725 I add 9, and the Sum 1734 I divide by 28, the Re- 


Widuc 26 is the Cycle of the Sun Arno 1725. 


Laſtly, to 1725, I add 3 the Sum 1728 divided by 15, the Re- 
ainder 3, which ſhews it is the third Year of the Indiction for the 


Lear 1725. 


The Prime, or Golden Number being given to find the Epac. 
Divide by 3, for each one left add 10 ; | 
30 rejett ; the Prime makes Epact then. 
5 Example .. 
Anno 1725, the Golden Number 16, I divide by 3, and there is left 
therefore ten times 1, which is 10, added to 16, the Sum is - 
. N ; e 


113 Memorial Verſes, 
The Kpact for the Tear 1775, which Sum had it exceeded go, 30 mi 
have been taken from it 


Ry the ninetern Epadts, to find the Day of Eafter-Limit, from th 


beginning of March incluſively. 


The Epafts take from 47 ; but two, 
The greateſt take from 77 ; tuill do. 


Example. 


Anno 1715. The Epact being 26; I ſubtra& it from 47, and the Re. 


ſidue 21 is Eaſter- Limit, Anno 1725, that is March 21ſt, reckoned troy 
the beginning of March incluſiyely. 
But when the Epact is 28 or 29, it muſt be ſubtracted from 77, tha 


ſo the Limit may remain. And the next following Sunday after u 


Limit is always Eaſtcr-Day, 


Eaſter Limit, and the Dominical Letter being given, to find 
= Eaſter Day. 


The Letter more by 4 from Limit take ; 
Mat left from neareſt Sevens, ſhall Eaſter make, 


Or thus; Take the Number of the given Letter more by 4 from the 


given Limit, and the Reſidue from the neareſt greater Sum of Sevens; 
the laſt Remainder added to the Limit; the Sum, or its Exceſs above i 


31, is Eaſter-Day in March or April. 


Example. Anno 1725, the Dominical Letter is C, which is the thitd | 


Letter in order, which more by 4 is 7 ; which take from the Limit 21, 
the Reſidue is 14; this take from the neareſt greater Sum ot Seven, 
which is 21, and there remains 7, which being added to the Limit 21, 
the Sum 28, therefore the 28th of March is Ealter- Day, 1725. 


For the Days of the Month on which the Sun entreth the twelve Sign! 


Twice 9, twice 10, four 127111 
Then 10, then 9, then 8, or 7 1 
Anno 1725 © in A 5 
n NK MW. ©, m +. Wa - . 
Mar Apr. May, June,July, Aug Sep. Oct. Nov. Dec Jan. Feb. 
9. 9. 10, 10. 12, 12. 12. In. 11. 10. 9. 8. 


EY 


Memorial Verſes, " i9 1 


For the Degree of the Sun Place on tny Day. 


From the Day of the Month on which the Sun's Place is required, If 
Jou may, or elſe from the Sum of that and 30, ſubtrac the Day of his 
nerance into the Sign of that Month, the Remainder will be the De- 
Tree of his Place in that or the next preceeding Sign, 


For the Age of the Moon, or Day of her Change. 


Janus o, 2, t, 2, 3, 4, 5, 63 

8, 8, 10, 10, theſe to the EpaSt fix 1 

The Sum ('bate 30) to the Month Day add, 
Or take from 30, Age or Change is had. 


Or thus; add to the Epact in 
Jan. Feb, Mar. Apr. May, Jun. Jul. Aug. Sept. Oct. Nov. Dec. 
0. 85 „ $ . „„  & 
The Sum, if it be leſs than zo, or elſe the Exceſs above 30, added 
Wo the Day of the ue Month (rejecting 30 if need be) gives the Age 
ff the Moon that Day; but ſubtracted from 30, leaves the Day of the 
hange in or from the beginning of that Month. 
For the Day of the Full-Moon, add or ſubtra& 15, to or from the 
ay of the Change. Example 
1. For the Age of the Moon, Anno 1725, May 29; the Number for 
Whe Month 3, added to the Epact 26, makes 29 which added to 29 
Wccj.ting 3b from the Sum) gives 28 the Age of the Moon required, 
2 For the Day of the Change (or New Moon) in May 1725, the 
pact 26, with the Month | makes 29, as before z which ſubtracted 
rom zo, the Reſidue 1, is the Day of the New-Moon, in May 1925, 
3. To which 15 being added, gives 18, the Day ot Full-Moon in 


ay 1725. 


0 find the Day of the New-M0n, aid the Emtrance of the Sun into 
the Signs, for time paſt, or to come. 

312, 1 1 — —— —ͤä— u 

Ta, add; to come, ſubtraf for Moon and Sun. 


Or thus, for every 412 Years paſt, add 1 Day to the time of the 
New-moon found above ; for 414 Years to come, ſubtraRt 1 Day. 
Likewiſe for 131 Years paſt, a Day is to be added to the former ac- 
count of the Sun's Entrance ; and for 131 Years to come, ſubiract ed. 


To 


have you the Degrees, and 10th Part of a Degree, anſwerable to thc 


13e Memorial Peres 


To find the Diſtance of the Sun from the Nodes of the Moon perpe. 
F — in all 2 ; A f 2 


Near 17 hundred, Node, Sign 4, Degree 

27, 3, doo, __— DD 
1. Take the Interval between the = Time, and 1700 compleat 
in Years and Days, allowing 12 Months to the \ ear, and 30 Days to a 

Month, and the Account will ſuffice for this Work, | 

2. Multiply the Years of the Interval by 43, and divide the Pro- 
duct by 8:0, the Reſidue multiply by 9, then take the half of this 
Product, and diſtinguiſh the laſt b igure from the reſt by a Poir t. 80 


Years of Interval. Alſo multiply the Days of Interval by 43, and 
Divide by 89o z this Quotient ſhews the Degrees, and the Remainder ' 
divided by 80, the 10th part of a Degree of the Motion for the Day of 
Interval. Then collect the former and latter Degrees and Tenths into 
one Sum, and reduce it into Signs, Degrees, and Tenths. 
3. For times afore 1700 compleat, add the Signs, ＋ and 
Tenths thus found, to 4, 27, 3 Tenths; but for Time after 1700 


compleat, ſubtra& them from 7 27% 3 Tenths, and the Sum or Re- 
Q, adding t Degree for the Tenths it 


mainder ſhall be for the place o 
they exceed 3, elſe rejecting them. 
— in Additions omit Cycles (to wit, rt 2* or 360“ but in Sub- 
—— _ one Cycle, if need be, to the Number from which you arc 
to u tra . | | 
Next by the common Rule for 1700, without any Correction for 
time paſt or to come, find the Sign and Degree of the Sun's Place and 
ſubtraR the laſt found Place of & from it; the Reſidue is the Diſtance 
of © from & required. | 


9 


WQ 2 ee. 


The Limits of Eclipſes of ſs Hon and Moon, in Degree from 
» a or Y ; 


Within 16 the Sun, and 10 the Moon, | 
Suffers Eclipſes ; above 18, 12, none. 


To find ile Length of Days and Nights in the Latitude 
42 deg. for Ver. | 


Torts, 13 1, 16; 2,6, 3 | 
I, 2, 3, 4 hours ; 4 and half agree, 


'. MM. XX 2 
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Memorial Verſes; 124 - 
To the given Diſtances of the Sun from the next Equinoctial Point, 
the anſwerable Hours are theſe; to 15 1 Hour: to 1 Sign 2 Hours 
to x Siga 16*, 3 Hours; to 2 Signs 6*, 4 Houts; and do 3 Signs, 4 
Hours and a halt; which Hours added to t 2, the Sum is from the Ver- 
nal EquinoX to the Autumnal, the juſt length ot the Day; but from the 
Autumnal to the Vernal, the Length of the Night in thoſe Diſtances. 
And for all other intermediate Diſtances of © from the Equinoctial 
Points, the Proportion is, As i is orao* to6o, oras 20* to30'; So 
are the degrees of the Exceſs of the intermediate Diſtances above 0), 13* 
1. 14, 16% or 2 4, 6®, and not exceeding 2 * 26%, to the Minutes of the 
length of the Day or Night, above 12, 13, 14, 15 or 16 Hours: Al- 
ways allowing 4 degrees or Days afore and after the Ingreſs into & and 
, for Solſtice |: as 
The length of the Day and Night taken together is 24 Hours, from 
which if the one be ſubtracted, there will remain the other And, 
Half the length of hed Pag, bis the time of . 
To find the Hour of the Moon's coming to the South, and Highwater at London. 
The Moon's Age multiply by 4 3 Divide 
y; for Southing Add ; for the Tide 
But when the Age of the Moon exceeds 15 days, you may rejet 11 
As in this Example, 
Anno 1725, the Moon being 27 days old, out of which rejcct rg, 
the Remainder is 28, Which being multiplied by 4 makes 48, which _ 
divided by 5 the Quotient is 9, and 3 the Remainder: which ſhewy 
that the Moon cometh to South at g of the Clock, and 3 times 12 paſty 
which is 36 minutes. (And nere note, that for every Unit in the Re- 
mainder, you tnuſtreckon ſo many times 1 2' 3 which muſt be added to the 
hour found in the Quotient, as in the Example aforegoing) to which I 
add 3 hours, and the Sum is 12 hours 36“ rhe time of full Sea at Conde. 
But jt is Here to be noted, that by manifeſt Experience it is found, 
that when the Moon is in either of the Quarters, then the Tides do not 
hold out their full time, but it is High-water ſooner than is ſound by 
the Ru'e which may partly be occaſioned by rhe weakneſs of the 1 
at ſuch a time, and the Length of the River. For by the toregoing Rule 
you may find, that when the Moon is 7 days old, the time of High-water 
willbe at 9 of the Clock, when upon true Obſervation it will be found 
to be an hour ſooner ; and therefore to know the true time of High- 
water, you muſt ſubtrat ſome Minutes from the time found by the pre- 
cedert Rule, according to the Age of the Moon, as you may plainly ſee _ 
in the annexed Table. Q Example 


| * 
: CY 2 
4 * 


Memoria! Ver / en. 
Example. The Moon being 7 Days old, it is 
cy high Tide (by the Rule) at London, at 5 the, 
11416 29 Clock then in this Table look for the Figure 7, 
13017 28] . - which is in the firſt Column, and right againſt it 
3]'2 8 27/7 in the two laſt Columns, ſunder..the Title of, 

11192608 1 Hour and Minute, you will find one Hour, which 

5 


9 & 


51% 25], Z| 2137 | muſt be ſubtracted from the Hour found, by the 
6109.21 2 045] Rule, and the Remainder is.,$,, the true time of, 
ES 322230 1 109% High- water. 4p 


A Table . ſbewing the time of the Moon's coming to the South, ary, 
| Day of her Age. 


wohn The Uſe of the Table, to find the Time of the 
Sthing. | Moon's coming to South, The 1/t and 24 Columns 
H. ſhew the Days ofthe Moon'sAge zin the 3d and 4th. 
the hour and minute of theMoon's coming to South. 
Example. The Moon being 10 days old, I would 
know at what time the Moon will be South. I 
find 10 under the Title of the Meon's Age, in the 
firſt Column; and right againſt it in the third ayd 
fourth Columas, you have.8 hours oo min. which 
ſheweth that the Moon being 10 days old, cometh: 
to South, at Þ of the Clock und oo Minutes; un- 
to avhich if you add the time of flowing at Full and 
Change, the Sum will be the time of Full Sea at the 
. ſame Place. As hexe at Lovdow, the time of Flow + 
ing at Kull and Change Is at 3 of the Clock, which 
| youll ate.to add to the Moon's Southing, and the 
1611 um is tt, Which is the time of Highwater, when 
3 00| the Moon le 10 days old- * 


of the Nig ht by the (baton of the Ian aps 
a Sun Diab. 


Firſt, find her coming to South as before ; then ſee how many hours 
and minutes the hadow wants of the hour of 12 i which hours and mls 
nutes take from the hour and minute of the Moon's coming to South ; and 
the Remainder is the hour of the Night ; but if rhe ſhadow be pal the 
hour of 12, then you muſt add ſo many hours and minutes as the ſha- 
dow is paſt 12, to the hour and minutes of the Moon's coming to South, 

and that will be the hour ot the Night, X 
x, 
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To find the flour 
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* Of thi Mariners Compaſe 123 
Example. On the 4th of December 1933 I find the Moon to be w 1 days 
old, and therefore ſhe comes to the Sout 14 after 8 of the Clock; and 
ſuppoſe the ſame oy you look upon u Sun-dial, and Chould find the 
44 > w to fall upon half an hour paſt 1, which is an hour and a half paſt 
80 Line of 12; which 15. go . Luſt be added to'8h, 48 mr. the Moon's 
Southing, ſhews it is 18' paſt 10 of the Clock. 
Again, Suppoſe the fame Night the ſhadow had fallen upon half an 
hour paſt tt; which wants half an hour of 12, which is tobeſubtraRed 
from 85. 481 the Moon's Southing, and the Remainder will be 1m. 
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"Of the MARIN ENS COMPASS, 


Of the Variation bf the Compaſt, and the probable Cauſes thero - 
of. Some Obſervations to find the Variation. The Deſcription 
and Uſe of the Azimuth Compaſs ; And the Univerſal Ring-Dial, 


8 R C'T. I. Of the Original Diſcovery, and Invention of the 
Marinet's Compaſs, and the Excellency thereof, © 


H E original Invention of this molt uſeful Inſtrument; (dy the 
help whervof the Bat Goſpel hath been teanſhaltted inte 
WW... moſt dark Corners of the oY _ attribute to * 
ia (or _ Goia, as others Nile him) of 4 A Campania, In 
jon of Napler, who only accammodated the . frets 
Nu. $ 4 Cardinal and 4 — 15 And (o left'the y 


— ny his Invention to . 0 4. Poſterit by 1 


_y the Invention —- the People © Dr. Gilbert 
Book de Magnete, aflerts, that Haul Ne tran orted it a” 1.5 | 
05 in th Your ** having learnt it from the CM, And Lud 
23 affirms that when he was in the Eaft dude, about the Tear 
1700, he ſaw @ Plot of'a Ship direct his Courſe b the, Compaſi * 
oned and framed as thole which now are commonly u 
And Mr. Barkw, in his Book intitled, 7h Nam tor's er oa fo 
1597, * a Stor / two Za, Indians, that he | Cone 
ference with, (ons of them was of 'Mamilia in the Me " Faxen, the 
other of Miaco of Japan) who 1 25 that inflead'of our * 


1 
1 
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| infallible Courſe in the moſt gloomy Nig 


| _ rey” un * a e a 
„ Ofthe Mariner s Compaſs. 
they uſe a Magnetical Needle of fix inches, and longer, upon a Pin, 


in a Diſh of white China Earth filled with Water, in the bottom where- 


ot they have two croſs Lines for the principal Winds, and the reſt of the 


_ Diviſions being left to the Skill of their Pilots. Alſo he there relates, 
that the Portugueſe, in their firſt Diſcoveries of the Eaſt Indies, got a 
ays within the 


Pilot of Milende, that brought them from thence in 33 
fight of Calecut; by which it appears that then they had the Uſe of the 


- Compaſs: 


But let the Invenſion be attributed to whom it will, tis manifeſtly 


a known to have received its abſolute Perfection in theſe Parts of the 


World: But more particularly, the compleating ot this Invenſion is 
due to the People of Antwerp and Bruges, and Allo to our own Nation, 
by annexing to the Compaſs twenty-tour ſubordinate Winds or Points; 


and alſo on the Limb thereof 360 Degrees, which are numbred from North 
and South, towards the Eaſt and Weſt, with to, 20, 30, Oc. So that 
it appeareth, that every point containeth t1* 15 , Upon the Notth point 


there is a Flower - de- luce, to diſlinguiſu it from the reſt of the points. 


Before the Invention of this rate Inſttument, Men were ditected in 


their Voyages by cettain Stars they took notice of, eſpecially the /eta* 


der or Seven Stars; by Charles Wain, and the Pole Star and Guards in 


Alſo Trufel« 


the Little Bear, Which were therefore called Jod Stars. 


lers in the Deſarts of Mrab/a, and thoſe of Tartaria, were guided by 


ſome fixed Stars in the Night=time, to {teer their Courſes In thoſe path» 
leſs Ways, So Seamen were directed by the like Heavenly Guides, in 
the unbeaten Paths of the Dcean, before this excellent Artifice was diſs 
covered, Bur it the Sky happened to be overcalt, then the moſt expetl- 
enced Mariner was at a lol, and was conſtrained to come to an Anchor 
or to lie by, to wait the appearance of his Celeſtial Directors. Allo 
Plinly tells yon of the Inhabitants of Swmarta, who becauſe they could 
not behold the Pole Star ro ſail by, carried certain Birds to Sea, | Which 
they often did let fly ; and as thoſe Birds by natural Inſtinét applied the ir 
Flight always to Land, ſo the Mariners directed their Courſe after them. 
o theſe and the like Difficulties were Men expoſed before the In- 
vention of this marvellous Inſtrument ; and by it Foſſerity is furniſhed 
with a noble Remedy againſt this grand Inconvenience ; and a Method 
diſccvered, as by an immediate ages from Heaven, to ſteer an 
ts, and tumultuous Seas, and 

by the Providence ot the Almighty be ſafely conducted to the deſired Port. 
Let the Mariners Compaſs is not ſo abſolutely perfect (by that ac- 
quired Virtue it receives from the Loadſtone] but that it requires ſome 
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Improvements, becauſe it doth not conform it ſelf to the true Meridian 1 
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all Places, but varies in ſome Places more, in*ſome leſs from the direct 
Poſition of the true North and South, This Variation of the Compaſs 
augments the Mariner's Care, and ought to be conſtantly obſerved in all 
Voyages, the neglect of which may expoſe them to many Dangers. 
Diſcourſe of the Variation, and of the probable Conjectures of the 
natural Cauſe thereof, is handled in that which follows. thought it 
neceſſary (for Method ſake) to ſubjoin the Figure of the Maviner's 
Compaſs. |; oO" YEN 14 
— ud N 7 


BY) . 6 * I, 


ale Mariners CbmpaH , 125 
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- _ a=© Te Variation of the Compaſs. 


Ser. II. A Dijcourſe of the Variation of the Compaſt, ad 
the Natural Cauſe thereof ; With Obſervations on the Variation, 


HE Pariation of the Compaſ is an Angle intercepted between the 
. Magnetical and true Meridian, the Hotizon determining its Quat- 
tity aud Quality» Theſe Meridlans ſometimes are coincident in ſuch 
Places whete there is no Variation 1 Sometimes again they are different 
and then that part of the Horizon wherein the northern Extremity of 
the Needle lies, denomitiates its _ for if it be to the Eaſtward, 
then it is Eaſterly Variation 4 if to the Weſtward then Weſterly, . 
This Variation of the Compaſt was formerly ſuppoſed to remain the 
; ſame, which 1 ſuppoſe hath given riſe to the Opinion of the firſt Author 
| hereof, Mr. S/ er, (who as itappears by former Impreflions of this Book) 
| ſuppoled the Variation of the Compaſs to be occaſioned by the Excava 
ten of ſome Parts of this Terreftrial Globe 3 and Ly Magnetical Nut, Col 
lateral) 1 — the Needle, & c. but now the Variation is known to 


Sons 
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1622. the mean Variation' was then, 

Mr. Gellibrand by his Obſeryethmmade at D 6 
June 12. 1634 found the mean Variation to be, Y 
And July the 4th, 1634. he found by his Obfervations 5 
at Paul Cray in Kent, the mean Variation, ; Mr 

Mr. 'Jo/n Ster, by Obſervations made at the Hermi- 
= 
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0 
x vary in all Flaces, as appears by rhe:tollowing Obſervations of the Va 
. . rration of the Compaſs near the City of London, for abeve an hundred 
TLears laſt paſt | 
1 Mr. Burroag bs, comparing ſeveral Obſervations, made at) Foot 

i :: Limehouſe, October 16. 1580. found the mean Variation, ow TO 
15 By Mr. Gunter's Obſervation at ¶Lime· houſe, June 13 . 

4 3 55 1 
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tage, near London, June the 4th, 13thy and 14th, 1666. 
found the mean Variation to be, 
The Worſhipful Sir Nicholas Mualet, at his Houſe 'in 

# Batterſey,” comparing ſeveral Obſervations made May 15 6 
1670. found the mean Variation, 
lf we compare the firſt of theſe Obſervations, viz. that of Mr. Bur- 
. roughs, in the Year 1580. with thoſe of the famous Capt. Halley, who 
in the Year 1701. found the Variation in all Parts of the Channel to be 
YA zo' Weſterly (it being obſerved nearly the ſame at London) the Mean 

otion of the Variation between thoſe two Obſervations, will be found to 
be about 1134; Minutes in a Tear; but comparing the two firſt Obſervs- 


tions, wiz, Mr, Burroughs, and Mr. Gunters, the Mean Variation is $* os 
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Obſervations of the Yuriation. 


, Zaſt, and its Mean Motion is but 75} Minutes in a Tear; and by the Ob- 
J ſervations of the aforeſaid Captain Halley, when the Variation was about 
l, + deg Weſterly it increaſed about 10 minutes in a Tear; all which 


Leme to Import, that the Motion of the Variation is loweſt when it is 
neareſt its Period, ot greateſt Deviation, — to the-following 
Theory of Mr. Bend; Aud how far this may tend to t 
Opinion of thaſe who think what the Poſition of the Wirer of the Compaſs 
(warh) parallel to the Axit of the World, it oeenfoned by the Attrattion of 
aqnetical Poler, vieh have a yeguiar Morton about (and at ſome diſtunte 
from) the Poler of the won we muſt leave to Time, and future Obſer vas 
tions 40 determine t But in the mean time, it ſeemr inconſiſtent with Reaſon 


geen by the Excavation of ſome pare of the Globe of the Earth, fince 


6 have a General (and perhaps Regular) Motion, 


2 


117 
confirming of e 


(if not _— in Nature) that the Variation of the Needle ſhould J 
J 


weh Excavations muſt be allowed to be alway: the ſame, contrary to our + 
17 of the Variation 4 which by above 110 hart Olſer untious compared 
ud . 


S ECT. III. The Deſcription and Uſe of the Azimuth Compaſs. 
HIS Compals doth derive its Name from its Uſe, being princi- 

pally to find the Magnetical Azimuth of the Sun, and is in ſeveral 
eſpects like unto another Compaſs, onl y with ſuch neceſlary things added, 
s are moſt conyenient for that purpoſe. - 


Ap N 


legrees numbred.from the middle of the ſaid Diviſions both ways, with 


ecting one another; for theſe degrees are drawn from the oppo 
f the Limb whereon the India moveth, cutting thoſe degrees. On this- 
ndix is erected a Sight, which-for conreniency is to fall down wh a 

| : ge, 


* 
Py , . 4 * 0 
R * | "— 
2 wo wy ROY * . 1 | 


SRATSSEST 


” 


H 
Tg” ORR ĩ r 7 OO 
Mr. Bond's Theory ot the Motion of the Variation' 
Nan | Pariatin ars Farin Var "Tears e 
1 Weſt, W . FT F Welt, 
mo 1 4. — "= — Tm 
16909 | 5 29 1696 [6 34 2793 |7 36 | 110 T 33 
1690 | 5 39 | 1697 [6 43 1704 | 7 45 1711 | 8 41 
8 1691 | 5 48 1698 | 6 52 1705 / 53 1912 |-8 49 
1692 | 5 57 1699 | 7 or | 1706 or | 1713 | 8 56 
Q 1693 | 6 06 1700 7 10 [. 176 8 og. | 1714 [9 04 | 
< i604 | 6 16. 1701 | 7 28 170 8 17 1715 9 1 
1695 | 6 25 170> 97: 20 3 1909 $ 25 1716 9 172" 1 


Upon the round Box, wherein, are the.Fly and Needle, is faſtned a 
droad Circle of Braſs,the one half of the Limb thereof is divided into 90+ - 


0,.20, 30, Cc. unto 45 degrees; which degrees are alſo ſubdivided 
nto minutes by Diagonal Lines, and by certain Excentrick — intggs - : 
ire part 


x 
69 


14% "The Deſcription of the Azimuth __ | 
| up upon oeenſten and from the top of this Bight down 
Fee 
fig t | 
oof — Ce, pelt the Index upon the r the 
degrees come te be as large apa ſn as they would be, If It be qo L 61 
the Center; the Truth Hetef is evidetitly demonſtrated in the T ht 
Euclid „ | 
36 fad Ghai ereſſed at Right Angles, with twe WAL ji 
commonly from the Terminations of theſe (rings n owe 1 an 
black Lines en the Inſide of the Bex, er ef ing the In b fy — 
ef Qbfervation,. by = oye Lines that are alſo drawn ar Right Angle, 
0 % Ohm 4 is hung in ſtreng Braſs Rings, bn 
thoſe alſo faſtned into a ſquare Wainſcot Box, fir for — purpoſ | 
which you may more plainly perceive in this fellowing ou 
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* 77 the Almuth*Compil. 


Flac, you mul wind the Brath Limb on the Hage of the Box (ly Al 


the Needle and ly withit the Box) according de the nature of the Ob: 

ration doth require. For it the Obſervation be 1 the Fereneon, then 
you muſt 75 the Center of the Index upep the Welt point of the Chard 
of Fly within the Box | and ſb, that the four Lines en the Edge bf thy 
Chard, and the four Lines by the infide of the Box, do always coveur: 

The taſtrument being thus reetifyed, turn the Jade, towards the Sun, 
until the ſhadow of the Hun Thread fall directly into the very (lis 
of the Sight, that is en the Index, and alſo upon a Line that is in the 
middle of the Index ; then at the ſame time will the inner Edge of the 
Index eut the degree and minute ot the Sun's Magnetleal Azimuth from 
the Eaſt, to the Northward or Southward, 


Az for Inſtance : Suppoſe the Inſtrument be rectifyed, as before is ſhewn, 


9 
* * ry j 
__ 


for an Obſervation in the Forenoon, and that the Index ſhould cut ten 


degrees upon the Limb to the Northwatd of the Eaſt, then is the Azi- 
muth ot the Sun 80 degrees from the North, or elſe oo degrees from 
the South. So like wile if the Index had cut ten degrees to the South- 
wards of the Eaſt, then would the Azimuth be 80 degrees from the 
Scuth, and 100 from the North. . 

And here alſo obſerve, that the Compaſs ſtanding in this Poſition, and 
if the Azimuth of the Sun be leſs than 45 deg from the Merian, and 
you turn the Index towards the Sun, it will go off the Diviſions on the 
Limb, and there can be no uſe made thereof as it now ſtands. 

Therefore you muſt turn the Inſtrument juſt one Quadrant or quar- 
ter of the Compals, viz. Place the Center ot the Index on the North or 


South Point of-the Chard, according to the Sun's Polition from you, 


and then the Edge thereof will cut the degree of the Sun's Azimuth from * 


the North or South. That which is ſaid as to the Uſe of the Azimuth 
Compals, when the Sun is on the Eaſt-ſide ; the like is to be underſtood 
with the ſame reaſon when he is on the Welt fide of the Meridian, - 

And alſo Note, That the · Obſervations of the Sun's Azimuth are beſt 
when the Sun is near the Horizon, becauſe the Motion of the Sun in his 
Altitude is more ealily obſerved... .. ww 


To take un Amplitude bj the Azimuth-Compaſs 
If the Attiplitude be taken in the Morning, at the riſing of the Sun, 


then you mult turn the Center of the Index right over the Weſt point of 


* 


Lines on the Fly. 


the Fly, and re&ify the Inſtrument by the Lines witthin the Box, to the 
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Then 1 ough the Sight, turn the Index towards the Sun, un 
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* the Edge of the Index ſhew the degree of the Sim's Magnetical Ampi!. 1 
| + _ the Limb of the Inſtrument, from the Eaſt, either Northerly 
WF or Southerly, | ; 

*” Butif ile take the Amplitude in the Afternoon, at the ſetting of tho, 
Sun, then you muſt turn the Index over the, Eaſt point of the Fly, and 
procegd as before, ; | | 

Bur becauſe the Refract ion, (beſides allowing for the Parallax) cauſeth 
the Sun to appacr in the Horizon, when indeed he is about 30 minutes 
below it; ard conſequently makes him ſeem to riſe further to the 
Noithward in North Latitude (ard the contrary) than really it doth; 
therefore to prevent any miſtake thereby, let the Center of the Sun be a- 
bout 3o minutes above the Horizon, when you ebſerve, for the Ampli- 
tude, which will be when the lower edge of the Sun is almoſt half 
his Diameter above the Borizon, for the Sun's apparent Diameter is a- 
bopt 32 minutes, there fore when his lower Limb is juſt in the Horizon, 
his Center is 16 minutes above jt; and when the lower Limb appears. 
14 minutes (which is almoſt. half his Diameter) above the Horizon, his 
Center appears about 30 minutes above it, which (for the reaſon before 
given) is the time to obſcrve for the Amplitude. = 

Having fonnd the Magnetical Azimuth or Amplitude, by the Com- 

paſs, find the Sun's Azimuth by Problem x3. Chap 8. and the Sun's Am: 

plitude by Problem 8 Chap. 8. 

Then find the Difference between the Sun's Azimuth or Amplitude, 
and the Magnetical Azimuth or Amplitude, by ſubtracting the one from, 
the other, the Difference is the Variation of the Compaſs. And to. 

knew whether the Variation be Eaſterly or Weſterly, obſerve theſe fol- 


lowing Rules. 
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Rules for caſting the Variation. 
1. By the Obſervation of the Azimuth. 


In the Forenoon. 1. It the Angle of the Sun's Azimuth ( by Calculati- 
cn) trom the North, be greater than the Magnetical Azimuth (by Ob- 
ſerration) then is the Variation Eaſterly. ä 

2. If the Angle of the Sun's Azimuth from the North, be leſs than the 
Magnetical, then is the Variation Weſterly, | 

lu the Afternoon 3- If the Sun's Azimuth from the North be greater: 
than the Magnetical, then is the Variation Weſterly. | 

4. It the Sun's Azimvth from the North be leſs than the Magnetical, 
then is the Variation Eaſtetly. | * 

Example 1. Suppoſe on the 4th of June 1724, in the.Forenoon, I (et. 
the Sun with my Azimuth Compaſs, and find his Magnetical Azimuth. : 
to be 985 48' from the North, at the ſame time the Sun's Azimuth, by 


Calculation js 84 20' from the North part of the Meridian. 
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„ F dxpant Compaſs,” or" 
| The Difference of theſe Azimuths (which is the Variation) is 06* 18'; MW 
1 demand which qu the Compals varices ? h _ 
Anſu' * 3 ecauſe that Obſer vation being made in the Fore- 
noon, and I find the Sun s true Azimuth from the North to be leſs than 
the Magnetical, according to the ſecond Rule afpregoing, ; 
Example 2. Admit that in the Afternoon, at the ſame time that I 
find the duns Azimuth to be 102* oo', I find his Magnerical,to be 96? 
oo' from the North, 8 
I be Difference is 06* o“; I demand which way the Compaſs varies? + 
Anſw Weſterly ; becauſe the Obſervation being made in the After- © 
noon, I find the Sun's Azimuth from the North to be greater than the 
Magnetical according to the third Rule. | 
Note, Theſe four Rulcs for caſting the Variation, by Obſervation of 
the Sun's Azimuth, are the ſame in South as in North Latitude, the 
Sun's Declination being either Northerly or Southerly. 
IT. By the Obſervation of the Amplitude. 4 
A: Sun-rifing. 1:-If the Sun's Amplitude be ncarer to the North than 
the Magnetical, then is the Variation Weſterly, 0 
2. If the Sun's Amplitude be farther from the North than the Magne- 
tical, then is the Variation Eaſterly. ; 
At unt ſetting. 3. I the Sun's Amplitude be nearer to the North, 
than the Magnetical, then is the Variation Eaſterly. 2 
4. If the Sun's Amplitude be farther from the North than the Mag- 
netical, then 1s the Variation Weſterly. 
Example. Admit that by the Azimuth Compaſs, at Sun-ſetting, I 
find the Magnetical Amplitude to be 19 deg. oo min. and the Sun's Am- 
' pli-ude to be 24 deg. oo min. from the Weſt Northerly; I demand which = 
way the Compaſls varies ? 2 — | | ._- 
* Anſw, Eaſterly ; becauſe by an Obſervation at Sun-ſetting, the Sun's 
Amplitude is nearer to the North than the Magnetical, according to 
the third Rule, | 


Having by the former” Rules found the” Quantity and Quality of the Varia- 
tion it yet remains there be ſome Direction, for reftifying the Courſe. 


The manner that J ſhall here ſet down is performed by a Compaſs- 
Chard (having the Degrees on the Limb, and a pair of Compaſles ; which 
tho it be mechanical, yet it's facile and demonſtrative, and in my O- 
A exact enough for Nautical Uſes; however, any One may uſe the 
Pen if he pleaſe · . 
But before we deliver the Rule for Operation, it will not be amiſe 
for plainneſs ſake, to give theſe Cautions. .: a * 

; 7 R 2 w ' 1. That 
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1. That when à Man directly beholds the North part of the Horizon, 
the Eaſt is on the Right-hand, and the Weſt on the Left; and therefore 
when the North-point of the Compaſs (and conſequently all the other 
Points) vary from the true North or Meridian to the Eaſtward, then 
the Variation is reckon'd to the Right Hand; and tor the ſame Reaſon, 
it the Variation be Weſterly, it's accounted to the Left. 
* 2, That in the Uſe of the Compaſs Chard, you muſt always obſerve, 
that you place the Courſe, or point on which you ſteer right from you. 
Tube Rule. Take the Quantity of the Variation in Degrees, from the 
Limb of the Chard, between the Compaſles (the Chard lying before you 
as is directed) placing one Foot of the Rhombot Courſe; if the Variation 
beeaſterly, turn the other Foot towards the Right-hand ; ; * weſter- 
ly, to the Left, the Number ot Degrees in which the 
Compals ſtays, ſhews the true Courſe trom the North or South, either 
eaſterly or weſterly, the Quantity and Quality of the Variation being 
allow'd. 3 N | | 
As for Example. 1. Let the Magnetical Rhomb, or Point of the 
- Compaſs, be North Eaſt, and the Variation 10 Degrees eaſterly ; I de- 
mand the t ue Rhomb? | | . 
The Chard lying as directed, take the the Extent of 10 Degrees be- 
£1 , tween the Compaſies, and place it from the N. E. toward the Right- 
E. . hand, becauſe the Variation is eaſterly, that ſhews the true Courſe to 
be N. E. 55-degrees, or N. E. by E a little eaſterly. 
2. Let the Courſe by the Compaſs bz Weſt and by South, (i. e.) SW. 
78 deg. 45 min and the Variation 10 deg. eaſterly, as before, I de- 
mand the true Rhomb? | 
Take the Extent of 10 Degrees between your Compaſſes, and place it 
from W. by S. towards the Right-hand ; it ſhews the true Rhomb to 
be S W. 88 deg- 45 min. or almoſt Weſt, | 1 
3. Let the Magnetical Rhomb be Weſt, and the Variation 10 deg. 
1 Eaſterly ; I demand the true Courſe.? 7 
6,00 Take the Extent of 10 degrees as before, ſet it off from the Weſt to- 
PF wards the Right-hand, it gives the true Rhomb.NW, 80 deg. oo min. 


Wo or almoſt Weſt by North, 
M 4. Let the Magnetical Rhomb be N. N. W. the Variation 10 deg, 
Wy. Weſterly ; I demand the true Rhomb ? . | 

the Extetit of to d 


4 Take * place it from the N. N. W. towards 
57 the Left-hand, becauſe the Variation is Weſterly, it gives the true 
1 RhombN, W. 32 deg. zo min or almoſt. N. W. by N. | 

. 5. Let the Courſe by the Compaſs be Weſt, the Variation 10 deg! 


ph * 


„ Weſterly, I demand the true Courſe ? 
Yr N Take 


oint of the 


1 
place it from the Weſt 
rards the Lien b ta be S W. zo deg. © | 
or | * . d q 


The. Deſcription of the Univerſal Ring-Dial. 


HIS Inftrument confifte chiefly of two Rings, cloſely fitting within 
each other, and a Bricge, and is either made of Brals or Silver. F 
oft Ri ents the Meridian of the Place, and on 
the fore-ſide has one of its upper Quagrants divided into go ure 
m 


he outerm repre 
likewiſe on the back - Ade a Seml-circle. is.divided into the like Number of 
8 from the Hole or Center in the Circumference. On the Con- 


ty of this, Ring is fitted a, Nut with a Wite-ring to it, having —.— 
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Foreſide. „ 1 

The inner Ring (when they are open at Right · angles) repreſents the 
- Equinoftial Circle, on the inſide of which is drawn a Line in the vet) 
miadſt, and thereon are divided. the. Hours into Halves and Quarters, and 
are numbred with their proper Figures on the upper ſide of this Ring, 
The Bridge repreſents the Axis of the World, in the middle whereo 
there is cut a Jong ſlit: upon one ſide are plac'd the Days of the Month, 
on the other the Degrees of the Sun's Declination : Upon the Bridge iz 
contriv'd a ſhding Nut, which directs a ſmall Plate moving within the 
lit; this Plate is croſs'd with a fine Diviſion, and in che midſt thereof 
is drill'd a {ſmall Hole: 


To find the Hour of the Day by the Ring-Dial. 


Place the Hole that is on the ſmall Plate on the 2 to the Di; 
ol the Month, or the Sun's Declination, and ſet the Nut upon the 
Convexity of the outer Ring, to the Degrees of the Place's Latitude 
(Whether Northetly or Southerly) on the foreſide of the Ring: Open 
the Rings to Right-anglee, and then having your Inſtrumefſt on vont 
Finger, turn the upper end of the Bridge towards the clevated Pole, and 
lace the flat ſide of the Bridge againſt the Sun, that his Rays may the 
etter tranſpierce the little Hole; then turn the Inſtrument to the 
Sun, until the Sun-beams (by the little Hole) fall exactly upon the 
Line drawn on the .inſide of the Equinoctial, or inner Ring, then is 
 ſhewn the Hour of the Day according to the Capacity of the Inſaru- 
ment. | 
The Dividing the Degrees of the Sun's Declination on the Bridge of 
this Inſtrument (which 1 purpoſely omitted) is Geometrically deſcrib'd 
by the Worthy Mr Edward Wright, in his Correct ion of Errors, who, | 
think, was the firlt Contriver ot this Univerſal Dial, altho' differing 
: from this here diſcourſed ot. | op 


To find the Sun's Altitude: 


To perform this, you-mwRt firſt ſet the Line in the midſt of the Nut, 
upon the outer Ring, to the beginning of the Degrees on the-foreſide 6! 
the lame; then put in a Pin in the Center hole, and hanging your Dial 
upon your Finger, turn the Edge of the outer Ring towards the Sun, {0 
as the ſhadow of the Pin may fall upon the Diviſions on the Back-ſide 
the Degrees cut by the ſhadow is the Sun's Altitude. : 
Note, If you uſe the Ring-Dial in South Latitude, iv place the 
Hole in the ſliding Plate on the Bridge to the Sun's Declination, uſing 
the South Declination inſtead of the North, and the roll: , 
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b Centaining the Uſe of the Croſs ſtaff, and Quadrant: Likewiſe how to fh 6 
and the Latitude of a Place by the Meridian. Altitude and Declination of the-- | 
Sun. And the Uſe of the Nocturnal. | 


The Figare of the Croſs-ſtaff, and rhe manner of the Obſervation, . 


the by 
the : 

n 1 TY 13 Inſtrument is of ſome Antiquity in Navigation and is com- 

(rus WR monly uſed at Sea to take the Altitude of the Sun or Stars, which 


it performs with ſufficient exactneſs, eſpecially if it be leſs than 60 deg, 
hut if it exceed go, it is not ſo certain, by reaſon of the length ot the. 
Croſs, and the ſinallneſs of the Graduations on the Stafl, | 

The Staff is made trait, four ſquare, and commonly of Box or Pear» W 
tree, and graduated on the Sides with Degrees and Minutes, * 

The Croſles, uſually four, are commonly made of the ſame Wood 
with the Staff, of a convenient breadth, and ot length Proportional to 
the Graduations fitted to ſlide evenly upon the Staff, withdut jogging. 

On one fide of the Statt, the Graduations beginning about Thies 
Degrees, and proceeding towards the Center or Eye-end, increaſe by 
every 10 Minutes to 10 Degrees; and th's-(ide is called the Ten-fice 
Peng the breadth of the Thirty* Croſs ſupplies the place of the 

en» Trois. | | 
On another ſide of the Staff, the. Diviſions begin at about 10", and ⸗ 
Increaſe upwards to $0? this is called the Thirty-ſide. A 

On another ſide ofthe Graduations begin about 20; and increaſe to- 2 
wards the Eye-end of the Staff to 60; this is named the Sixty: We... « * 
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The remaining and fourth Side hath the Diviſions beginning at ;o“, 
and increaſing upwards to go", from thence it is named the Ninety-ſide, 
and his Croſs the longeit) the Ninety Croſs. 
Sometimes the ſeveral ſides of the Stack are numbred likewiſe with 
their Complements to 907 in ſmall Figures, viz at go ſtands oo, 2. 
gainſt 80 10. at 70* ſtands 20", and ſo of the reſt. 
The Ule of this is to take the Complement of the Altitude, or Ze. 


nith diſtance from the Staff, without Subtraction. 


. 
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A Table ot the Lengths and Half Lengths of the Croſſes, herring the Menſun 
of each Croſs by the Graduation on the Staff, proving whether they be 


= 
th made or not. 
Half Leuwth of 
the Croſley, | 
Degrees, Montes 
v9 60 5 f 
* 138 
III. f 
qo | iy | 


An Example of the Sixty Croſs, 


The length of the Sixty-Croſs, If rightly made, muſt reach from 60! 
to 30* vo! and his half length to 40 tp), | 

There are two ways principal'y for the graduating the Crofs-Stal, 
one by Geometrical Projection, the other by Atithmetical Calculation. 

I will give you an Example ot the latter, by which you may divide 
any Staff, or at leaſt be ably to examine one that is already graduated, 


Hampe. 
Suppoſe the Length of the Sixty-Croſs to be 10 Inches, and the 


halt length 5 J Inches ; Ideſire ro know the diſtance of 4 45 from 
the Center of the Staff proportional to this length of the Croſs, Take 


half of 45* 30“, that is 22* 45", | of 
ble De Proportion is, — 1 
As the Tangent of 22•4küö'“2“⁊ꝙ«&(xükLÜ—ꝛ 98 — — 9622561 
Is to half the length of the Croſs 31% Inches o 707570 
So is the Radius — — — — 0.000000 


To the diſtance required, 12. 16 Inches —— --- — 1 0500 
This gives the diſtance from the Center of the Staff, to the Diviſion, 
repreſenting 45 30 to be 12. 16 (or 16, Inches. 
But if you propoſe to graduate a Staff, the more ready and expe 
diate way is, divide the half length of the Croſs into 100 or 1000 equi 
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Je of tb Crofh (aff, 
To make a forward Obſervation of the N Meridian Altitnde at a. 
When you intend to fake the Meridian Altitude ct Sea in order to the 
obtaining of the Place's Lathude) It is conwenlent tat you be preparin 
our ſelt tor your Obſervation ſom competent time before Non 4 an 
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1 what the Sun's greateſt Altitude may be that we accordings ” 


ly to uſe thoſe Croſſes that may be moſt fit for your Pur 
A ſuppoſe the Meridian Altitude for that Day be judged to be 29* 


then uſe the Thirty (ide of the Statt, and the Thirey-Croſs if you think 
t will be ze', or more, then take the Sixty» Croſs. 


There {s another requiſite fit to be underſtood before you proceed to 


Obſervation, and that is, how to place your Fore-(taff to your Eye, to 
prevent an Error mentioned by Mr. Wright In his Correftion of Errore 


to avoid which, take theſe few Hints, 
Firſt, Place the Center of the Staff at A, to the out- ſide of the Corner 


of your Eye, as near your Eye as conveniently you can, without hindring 
your Sight, letting the endreſt upon your Eye-bone, reſpecting as it were 
the Eye's Cenrer, and cauſe the viſual Rays to concurr with the middle 
Parallels drawn on each ſide of the Croſs-Staff, and then is your Staff 
rightly placed for Obſervation : But becauſe this is ſomewhat difficult 
lainly to be deſcribed, and perhaps that which is already ſaid may not 
ſo obvious to the Reader as I could wiſh it. I will therefore give an 


eaſy Iluſtration, which may be verify d by Experience: 
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Crolles, then put on the Sixty-Croſs, and place it to z0* on his proper 
Side, and alſo (lip on your Ninety-Croſs parallel with the former, and 
| ut that to 30“ likewiſe, on his peculiar Graduations ; then hring the 
AR End of the Staff to the Corner of your Eye (as is directed) and remove 
tit ſo that you ſce each End of the two Croſſes at once, exactly to con» 
cur ind agree with the viſual Lines . — from your = that is 
the place of your Staff in time of Obſervation, and may eaſily be found 
by frequent Trial. 5 oy JI” 
Having thus prepared for your Obſervation, and acquainted your ſelf 
F with the holding of your Inſtrument, being upon the Deck, turn your 
FPilace towards the Sun, and place your Staff to vour Eye, holding the 
| Croſs up-right, look at the upper end of your Croſs at C for the Sun, 
and at tlie lower at B for the Horizon : But if the Sea obſcure the Hori, 
11 * ron from your Sight, then remove the Croſs a little further from your 
Eye: if on the contrary, your Sight do not extend ſo low as the Hori» 
PRES 2on, but the Sky only appears inſtead thereof, then move the Croſs a 
little nearer your Eye, until by the upper part thereof you ſee the Cen- 
14 ter of the dun, and by the lower the Horizon, exactly at the ſame time; 
then look upon the proper Side of the Staff (for the Croſs you uſe) the 
Sun's preſent Altitude will be cut by the ſame ; and this if it were for one 
ſingie Obſervation either of the Sim or any Star, were ſufficient, 
But the Sun's greateſt Altitude being that you are to take, you muſt 
brherelqre wait (making Obſervation as your judgment ſhall direct you) 
until the Sun be upon the Meridian, fill Hiding the Croſs nearer your 
WEED Eye as the Sun riſes, until you perceive jt to be at the higheſt ; for ſo 
ſoon as the Sun is to the Weſtward of the Meridian, and falling it you 
make your Obſervation. again, you will find the Sea'to obſcure the Ho- 
rizon from your Sight, and then in no Caſe remove your Croſs, but let it 
remain Kr d, and finiſh your Obſervation for that Day, - 
Then caſt your Eye upon that Side of the Staff belonging to the Croſs 
vou uſe, the Degrees and Minutes cut thereby, and numbred with larger 
Figures, (decreaſing always from the Center of the Staff) gives the 
Sun's Meridional Aſtiude, and the ſmall Figures underneath, the Com- 
plement of the Altitude, or the Zenith Diſtance. 
In obſerving forward by the Croſs- ſtaff, tis uſual to take a piece of 
Red Glaſs.co.defend the Sight from the Luſtre of the Sun in time of Ob- 
ſervation, and it would, jn my Opinion, be better to have the Glaſs fitted 
iaa piece of a Braſs, and ſo to be put upon the End of any of the Croſſes, 
s occaſion requires, Thus much for a forward Obſervation, 
Alter the ſame manner you muſt obſerve. the Altitudes of the Stars. 
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To make a backward Obſervation of the Sun's Altitude by the Croſs-Staff, Y | 


Theſe Obſervations are frequent at Sea, eſpecially with the Nollan- ll 
ders; and to perform this, you mult have a Horizon-Vane, the inner- 
ſide of which fits ugon the Center of your Staff, or elſe a ſliding one, 
according to the Dutch faſhion, 9 

Likewiſe there is a Shoe of Braſs to fir on the End of any of the 
* Crolles, whoſe Uleis the ſame with the Horizon-Vane in the Quadrant, 

Having a Staft thus fitted, you the 8 upon the Center 
or Eye: end of your Staff, and put on a Croſs fitteſt for your purpoſe: fix 
the Braſs Shoe at the lower End thereof, then turn 
Sun, and looking thro” the — (made by the Braſs 
of yn Vane, elevate or depre 
ma 


1 


ur Back to the 
oe) on the end 


1 


$ the end ot your Staff, ucil the ſhadow 
e by the upper end of the Crols, fall upon the upper part of the 4 


Wh. 
: N 7 
7 | 


Sight in the Horizon-Vane , then look thro' that Sight tor the Hori- 
on: But if the Sea obicure the Horizon from your! git, then remove 
your Crols a little nearer to the Horizon-Vane 7; but it on the- contrary 
your Sight doth not extend ſo low as the Horizon, but the Sky only ap- 
cars inſtead theveot, then remove the Croſs further from the Horiz on- 
ane, till you ſee the ſhadow fall upon its due place, and perceive the 
_— exactly at the ſame time, then have you the Sun's preſent® 
titude. 1 
If you obſerve for the Latitude, you muſt reiterate your Obſervation © 
as before; and when you perceive the Sun to be paſt. the Meridian, de- 
ſiſt, and concluding =_ bſervation, account your Degrees and Minutes, 
either of the Altitude, or its Complement as is before new - Ou 
To uſe the Staff in a backward Obſervation, after the Duth faſhion, 
there muſt be a Horizon- Vane fitted to ſlide any upon the Staff, and 
then all the variety from the former manner of Obſervation will be this:: 
Place any of your Crofles that you intend to uſe upon the Center of "8 
the Staff turning the Nut inwards, then ſlide on your Horizon» Vane with 4 
the Nut inwards, and fix on the Braſs Shoe to the lower end of your 
Croſs ; then ptoceed with your Obſervation, removing the Horizon= 8] 
Vane, as before you did the Croſs, and the Degrees and Minutes cdt 4 
by the Edge of th * 
you uſe, is the Sun's Altitude, or Complement thereof, as you reckon 
it in the greater or leſſer Figures, 6 
Sr. II. The Deſcription and Uſe of the Quapdr'a NT. il 
ho W == 
T H Is Quadyattis of a very commodlons Form and Contrirance, 8 
being at tk the beſt approv'd, and moſt general Inſtruma , 


that is in uſe, obſyring the Sun's Meridian Algitude ar Seal RO 
rn Ws, PEO $4 »1n+.2 | MY | | Moria * \ . 
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e Horizon-Vane, upon the ſide peculiar to the Croſs 


Inſtrument are principally Three Vanes, a 
Arches which Arches to ether contain 90 Degrees, and give it there 
Rx fore the Denomination of a 2 
. This Inſtrument is ſaid to be feſt contriv d by Captain Davis, 8 
Vas employ'd in Queen Elizabeth't time to diſcover the North Weſt 
Tz Paſlage) and theie'ore called Daviis Quadram, and by the Prench, the 


15 


Ex Quadrant. 3 
F The Figure of the Quadrant, and Manner of Obſervation. 
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Horizon, in this anhex'd Figure repreſented by A, is call'd the 
Vine; that which gives the Shadow, noted by B, is nam'd the Shadows 
9 - Vane, and tha: through which you are to look for both Shadow and 
nor zo, diſtinguiſh'd with C, is call'd the Sight Vane, "ITT 
WI. Of the Arche: The ſeſſer noted with de, is nam'd the Sixty-Arch, 
TR becauſe ir uſually contain d but 60, but of late it commonly contains 6 
1 (and the greater Arch 25) it is of a ſmall Radius (adviſedly ſo contriv'd) 
dor che more apt placing of the Vane B thereon, that the Shadow there- 
orf falling upon the Horizon-Vane A, at this ſhort diſtance, might be- 
come thc ſtronger, and the more perſpicugus to the Eye of the Obſerver. 
his Arch is commonly divided but ro every Degree, and numbred 
from theupper-end of the Arch downwards to the Line of Partition, 
(ich is a Line drawnon the middle of the upper Leg of the 9 — 
al . between the two Arches) with 5, 10, 15, Cc. And this is the Comple- 
ment of the Altitude. Sometimes this Arch is figur'd with the Altitude 


* 
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>. 42 


The 
Arch; ie Arch is of a large Radius, the better to be divided and ſu 


divided into Degrees and Minutes, the Limb whereof is of a competent 

breadth ; and thereon are uſually deſcrib'd ſeveral Concentrick Cireless 

interſedted with Diagonal Lines, for the more tacile and exact dividit 

the Degrees into every 3% or every 2d Minute; and hereby the Subdi« 

viſions are conſpieuons, and may 7 bor computed by the Obſerver, 
But becauſe poſſibly this manner of Diviſion may not be unde 


fore I have annex d this following Figure, 
The Figure of part of the Ah. 


to 5 Minutes : Upon the Plane of this Arch are deſcribed 6 concentrick 
ircles, and are noted with the Figures, 1, 2, 3, 4, 5, 6. Ard inthe Li- 
mits of each Degree are drawn two Diagonals, interſi Ring rhele Circles ; 


and the concentrick Circles ſubdivide each of theſe Diagonals repreſeni« 
ng 30 Minutes into 6 other Parts, being 5 Minutes a- piece: Therefore 
the 1/ InterſeRion at 5, is 5 Minutes; the 2d at 10, is 10 Minutes; the 
zd at 15, is 15 Minutes, the 4th at 20, is 20 Minutes; tlie 5th at 25,18 


Minutes; the zd at 40, is 40 Minutes; at 45 is 45 Minutes; at 50, is 
50 Minutes; at 55, is 55 Minutes, and.at 60, 60 Minutes or 1 Depice. 
nd the like is to be underſtood of the reſt, always as they aſcend, in- 
teaſing 5 Minutes. | 

And take for a General Rule : Firſt count how many concentrick 
rcles there are, which are 6 or 10, and are to yy com uted as is here 
hewn, and noted by the Figures at the end of t 
Fe a 
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ter Arch, here denoted by the Letters fy, is called the 17 4 by 


by every one that has occaſion for this Inſtturgent, for their ſakes theres 


The foregoing Figure is part of the Limb of this Arch, as tis uſually 
drawn upon the Limb of the Quadrant, each Degree being ſubdivided in- 


nd thoſe Diagonals divide each Degree into 2 parts, viz. into 30 Min. 


25 Minutes; the 6th at 30, is n The 1/ again at 35. is 35 - 


eme; then fee 
| * how W 


\ * 4 
; , 8 * N 41 q 4 
n mY . , * : * o IT & a * n ” S f N . ” — 
1 7 ' * W . PI | * ? * 1 of; , C 1 , 7 "y . « thy * Ly = k 6 0 
; TH NAA TC RAN 8 | 4 2 a. «is a 1 
4 y l 4 . 4 d = 43 
1 _y ww * FD at. N 


19 
1 


4 


. 
=. 
al 


"5 


1 | * 4 Pat .* ew nr * 4 — Us Ihr | d % . * * . | 
WET «+ Th We of W Quadrant, "PP ,v 
1 


| bo many Dlagonal Lines are drawn within the Eatenk of each Degree, 


Which are 8 of 50 then l the Number of eoncentrick Circles | 
the Number of Diagonals in 1 def. and by the Product divide 60, (thy 
ll Min, in a degree) the Quotient will give you the Number of min: that ( 
Ms - -each Interſection increaſes by, and is more than the precedent. As ſuppefy \ 
T the concenirick Circles te be 16, the Diagonals in each degree 3 then b 
——17 10 by 4, the Preduet Is 36, by which if you divide 66, the Que: ' 
- Flent is 3 Which ſhews that the Interſections inereafe by s mig, the Hef 7 
+ repreſenting 2 min, and ſo 4, 6, 8 min, Gen te 58 and 69 min, of 1, and y 
then 18% 14% 1* 6', Ce, And the like Is ro be underſtood of the reſt n 
j The Uſe of the Quadrant» a 
This Inflrument is commonly uſed to obſerve the Sun's Meridian Al. 0 
A - titude, which to perform we will bricfly deſcribe: 

| Firſt, Put the Horizon-Vane on the end of the Quadrant on A, and el 
then the Sight-Vane upon the Thirty-Arch in the precedent Figure; tl 
and laſtly, the upper edge of the Shadow- Vane upon the Sixty-Arch, al 

to a certain Number of Degrees moſt proper tot your preſent Obſerva- 
tion; which readily to perform, take this Caution; G 
Confider what will be the Complement of the Meridian Altitude that' 15 
Day, then place the Shadow Vane ſo, that the Degrees cut by the tt 
upper edge of the Vane, be always leſs by 10 or 15* than you judge the 87 
Complement of the Sun's Meridian Altitude will be that Day in the 4 
place of Obſervation. n 
For Inſtance : Suppoſe that the greateſt Altitude of the Sun for the o 
time in the place of Obſervation, be eſtimated to be 455, the Comple- it 
ment is 45* ; then place the Shadow-Vane at 30 or 35 deg. which are ul 
proper for our preſent Obſervation. Op 
Having thus prepared your Inſtrument, and being ready upon the » 


Deck. turn your Back towards the Sun, and holding the Quadrant as up- 
right as you can, place the Sight-Vane to your Eye, and looking thro 
the Sight, bring the Shadow of the upper edge of the Shade-Vane, to 
fall upon the upper part of the ſlit, or open Sight in the Horizon-Vane, 
and at the ſame time look thro” the ſaid ſlit for the Horizon; and it the 
Sea obſcure the Horizon from your Sight, then ſlide the Sight Vane a lit- 
tle lower down towards /; but if on the contrary, your Sight doth not ex- 

tend ſo low as the Horizon; but if the Sky only preſents it ſelf to your 
Eye, then remove your Sight-Vane a little higher towards g; then make 
Obſe vation again, continuing to move your Si 


ight-Vane higher or lower 
according to theſe Directions, until looking thro* the Sight Vane, the 
Shadow fall upon his due place, and that at the ſame time you exattly 
ſee the Hotizon through the Sight in the Horizon-Vane, then _ 


. 
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our Eye upen the Thirty=Arch | 
Fes ire cut by the de of the $ = 
at the upper edge of your Shadows Vane, the Sum is the Complement * 
of the Altizude, or the Sun's Niſtance from the Zenith, =_ 
Mice, The ſmall Arch in ſome Quadrants contaigs 707, and the great ?- 
er 20%, whole Sum is 99. Theſe Arches are numbred and divided like 
the former; and if that be well underſtood, this will not ſeem to obſcure, « 
and therefore it is neculeſs to ſay any more of this Alteration. - 1 
Aud here note : That there is a late Contrivance with a ſmall Convex= - - 
Glaſs to be let into'the Shadow-Vane, which may be uſed when the Sun _ 
is haſey, and will not ſtrike a clear ſhadow upon the Hotizon-V ane; 
then this Glaſs will contract. the Beams of the Sun, and reflect a ſmal! 
Speck ot Light upon a ſmall black Line drawn cn the Horizon- Vane, 
which reſpects the Center of the Sun. And further Note, That in thoſe + * 
Obſervations made by the upper edge of the Shadow-V ane, it is proper 
to ſubtract 16 min. or ſomewhar leſs, from the Sun's Altitude, or add 
it to the Zenith Diſtance for the Semi diameter of the Sun ;) but in 
uſing the Glaſs you are not to make any ſuch Allowance, becauſe the- 
Speck repreſents the Center of the Sun, | — 


Sect. III. Rules for finding the Latitude of the Place by Obſervati- if 
en of the Sun's M-ridian Altitude, or Zini;h Diſtance, by help ü 


of th2 Table of the Sass D:clination. 


Ecauſe it is common to work the Obſervation of the Sun, taken b 
the Quadrant and other Inſtruments now in uſe, by the Comple- 
ment of the Meridian Altitude, or the Sun's Diſtance from the Zenith, 
I ſhall therefore give Rules, illuſtrated with Examples, for that. purpoſe, 
Rule 1. If the Sun comes to the Meridian in the South, and have South 
Declination, ſubtra& the Declination ſrom the Complement of the Me- 
ridian Altitude, the Remainder is the Latitude of the Place of Obſervation #®* 
Northetly: But if the Declination exceed the Zenith Diſtance, then 
lubtract the Zenith Diſtance from the Declinatlon, the Remaiſider is. 
the Latitude Souther! y. 1543 | 
35 F.“. ®% 
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' ſame time hath 12 deg oo min, South Declination ; I demand the La. 


"At 1 r 1 — "—— N 
Ruler for working of Obſervation. 


E wh 1, Admit you are at ges, and the gun being upon the Me. 
ndlas inthe South, is 5 d. zo m, diſtant from the Zen th, and _ 


titude of the Place, 


_— . . | The Operation. 
The Sun's Declination ——— — — 20” zo0' J 
The Diſtance from the Zenith, ſub tract — 10 oo 
The Latitude — — 10 30 South.“ 4 
Rule 2. If the Sun be upon the Meridian in the South, and hath l 
North Declination, then add the Declination to the Zenith Diſtauce, 1 
the Sum is the Latitude Northerly, 
Example Admit a Ship at Sea, and the Sun on the South part of the t 
Meridian is 3odeg. 30 min. from the Zenith, and the Declination is 15 t 
deg. 30 min. North; I demand the Latitude? : 
The Operation. : 
The Complement of the Altitude or Zenith Diſtance is 30 30 10 
The D:clination added —— : —— -— 15 30 
The Latitide = -( !!. --- -------46 O N86 
Rule f If the Sun be oh the Meridian in the North, and have North Ze 
Declination, then ſubtract the Zenith Diſtance from the Declination, AM (a1 


the Remainder is the Latitude Northetly : But if the Zenith Diſtance 
exceeds the Declination, then ſubtract the Declination therefrom, the 
Remainder is the Latitude Southerly, 

Example t. Suppoſe the Declination were 30 deg. North, and the 
Zenith Diſtance t deg, 3 min, the Sun being upon the Meridian it 
the North ; 1 demand the Latltude ? 


"T7" The Operation | , 
Tj gun Declination North ----—- 10" e 
he rr. 0 — — SS 
The Latitiide of the Place — — dem 
Example + Suppoſe the Sun's Deellnatlen te be as eee, 10 deg 
Nettlf, and that being upen the Meridian te the Nerthwards, his Ze 
Aich Diſtance is 4% defi: 15 min, 1 demand the Latitude“ oh 
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Ruler for working of Obſervations 147 
The . a 
ene 49 15 
The Declination North, ſubtrac -. 20 00 
The Latitude —_ — ——— — — 017 South; 
Rule + If the Sun be upon the Meridian in the North, and hath 
South Declination, then add the Declination to the Zenith-diſtance, 


the Sum is the Latitude Southerly. 4 
Example. Admit the Sun's Declination were 16* 45' South, and the 
Zenith-diſtance 29* 45', I demand the Latitude. 
| The Operation. 1 
The Declination of the Sun South- — — 156 45 
The Zenith - diſtanee add — —22 41. 
The Latitude — n—— 46 30 South. 
Rule 5. If the Sun have no Declination then the Complement ot the 
Altitude is the Latitude of the Place; and if the Sun be on the Meridian 
in the South, your Latitude is Northerly ; it in the North, Southerly. 
This needs no Example. | 
Rule 6. If the Sun be in the Zenith, i. e. 90 above the Horizon, 
then the Declination either Northerly Southerly, is the Latitude of 
the Place. This likewiſe needs no Illuſtration. 
* Rule 7. If wy be within the Artick or Antartick Circles, and oſerve 
the Sun upon the Meridian under the Pole, then add the Sun's Declina- 
tion to the Complement of the Altitude, and ſubtract the Sum from 
180%, the Remainder is the Elevation of the Pole. | 
Nite, If your Inſtrument wherewith you obſerve give only the Merl · 
dian Altitude, then ſubtra& that Altitude from go* the Reſidue is the _ 
Zenith-diſlance or Co-Altitude of the Sun; and the Operation is the 
ſame as the precedent Examples. 


For the Hart, 6 
What here hath been delivered in theſe Rules, concerning the Sun's 
ng upon the Meridian, the ſame is to be underſſood of any Star whoſe 
eclination iy known. | | 
Admit you ſhould obſerve the bright Star Ar Huru whoſe Decling» 
ton is 20 70 1 min. North, when he {4 upon the Meridlan in the 
South, and Hag his . be 65 dey % mln. the Complement 
thereol 4 4* 11 [+ the Zeylth-diſtanee 3 th n adding 10 IN ML 
ATU 1 the Latitude Nottherly, accordiig to the Wes 


re 
ut If you obſerve by nl of the Stare "gar the North Pole whey 


be 


U 


Telar- diane is fer dewn In the Tables of Declination; and if ney be 

Non, e ger d knee ve le lernt A ade end, Urban fe 
z giſtanee af un 

Lailtude Nettherly: I ; ; 1 Yit 
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146 Ihe Uſe of the Nocturnal 
But, Secondly, If you obſerve any Star that is upon the Meridian in 
the North above the Pole, then from the Meridian Altitude of that Star 
ſubtract the Complement of the Declination, or Po ar- diſtance, the Re. 
mainder is the Latitude Northerly ; but if the Complement of the Stat 
Declination cannot be ſubtracted from his Meridian Altitude ſubtrad 
the Meridian Altitude therefrom, the Remainder is the Latitude ſouth- 

'erly., The (ame may be underſtood of Star's near the South Pole, 
| Here I thought it neceſlary to mention ſomething of the Crefier;, 
which are certain Stars that are of good uſe in the Southern Navigation, 
they are ſo called, becauſe they do ſomewhat reſemble the Form of 3 
. - Croſs according to the annexed Figure 
The Figure of the Conſtellation called the Croſiers. 
The Head Declination from the South- 
» A Pole 34" 45' 


* * 


« C 


| The Cock's Foot, Declinatlon from South Pole 48% 457, 

The Star at C, call'd the Cock's pot, ot rather the Croſs Poet whoſe 
Declination, according to the Obſervation of Mr. Edwwid Haley, at 
St. I is 61* 1 Southerly ; and ſo the Complement of the Decli- 


| 
| 
( 
L 


ſon or Polat-diſtaiice, is 28 det 45 min. By this Polar-dlſta d ſi 
ihe Meridian Altitude of this r when he {8 45 — 000 thy 6 
Pole, you may find the Latitude of the Place, by the Rules of the Statt N 
laſt - mand The Polat-diſtance of the Head of the Croſt, ls 34 deg G 
oho when theſe Start 4 7 


ty ft for Obſervation, hold vp 4 Thread 
nd Plummet j and when the Thread cute the Star at A; — Nat at C 
oth at the ſame kme, then they are upon the Merldign, and fit to be 


obſerved, 
Ret. V. The Deſcription and the Nocturnal. 
1 118 Inſtrument on $ of re hy _— 


Firſt, The broadeſt and greateſt, which we may call the unmove 
able Part Waden hath a handle to hold It by, In time bo Obſervation, 

Seeoudly, The firſt Moveable, of middle Part, 

Thirdly, The long Index, that is to turn to the Poſition of thoſe Stan 
for which they are made, vis. the Guards of the Little or Great Bear 
The fore ſide of the firſt, or unmoveable Part, hath the Limb or out! 

ward Circle divided into 16 Months, and each Month ſubdivided into 
its reſpe&tive Days, and are counted towards the Left - hand, and mark'd 
with their Names, or the firſt Letter thereof, as J for Jau; 1 ſor 


„Je % of the Nocturul. 


other Circles, the outermoſt of which/is divided into 24 equal Parts or 
Hours; and the other into 29 Parts and à half, ot Days of the Moon's 


thereby a Computation of the Tides N 
Of theſe Nocturnal there are two ſorts, one for the Guard of the 
Little the other for the Guards of the Greai- Bear, or Char less Wain, 
commonly called the Tuo Pointers. Now to know for whick of theſe 
Conſtellations any Nocturnal is made, you may obſerve, that the No- 
Aurnals that are for the Guards of the Great Bear, have the 17th of F- 
bruary on the Top ; and if it be for the Guard of the Little Bear, then 
you will find the 21ſt of April there. The back ſide of this Part is di- 
vided into the 3 Points of the Compaſs, which are to ſhew the bearin 
of the Guards, thereby to know what Declination the North Star ha 
upon any Point of the Compals, 
The ſecond and moveable Part, hath a Tooth proceeding from it; 
with the edge continued in a Right Line from the Center: which is to 
be turn d to the Day of the Month at Pleaſure ; and on the Superficies 


thereof is a Circle divided into a4 equal Parts or Hours 
the ſaid Tooth is let to the Day of the Month, and the Index turn d to 
the Poſition of the Guards, the ſtraight de of the Index will ſuew the 
Hour of the o_ upon the ſaid Circle, | 

The third and upper moveable Part, is call'd the Index, having one 
ſide thereof proceed 1 from the Center, which is to be turn d to the 
Guards In time of Obſervation g and through which you are to ſee the 
3 and at the ſame time the Index is to be turn 

wards: 


The Bignre of the Starry at they Pew fü ve in the Htavenr, fb which 
the No run are made, 


Age; by which the Moon's Southing may be known by Inſpection, and 


U hen 


d to the 


| 14> 
February, M for. March; Sr. And upon ſome of them there are two 


* 


* 
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But if you will be better ſatisfyed in the Forms of the Stars in each 


Conſtellation, I refer you to the new Hemiſpheres and Platiſpheres of 


the Heaven, that are very uſeful for knowing of the Stars; ſold by 
Mr. Page and Mount on Great Tower-Hill, | 


The Figure of the Nocturnal. 


— 
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N 
4 Table of the Deelmation of the North-Star, upon 
| Compaſs the Guards are upon, fitted for both ſorts of N 
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„%% be. e of the Nocturna . 
The maurer of bolding the Nocturnal «w Time of Ober. 
Take the handle in your Hand, with the ſoreſide towards'you, hold- 
ing of it upright in your Hand, (which you may diſcern by the Tip that 
is on the very top of the Nocturnal) then looking through the Hole in 
the Center to the North Star, you muſt turn the upper Edge of the In- 
dex (which cometh from the Center) to the Guards; this being under. 
ſtood, you may now proceed to ſeveral Uſes thereof. 
To find the Hour of the Night by the North Star, and the Guard: either of 
the Little or Great-Bear, and upon what Point of the Compaſs they are. 
To petform this, you mult firſt ſet the Index of the ſecond moveable 
Part to the Day cf the Month, n if it will not ſay iof it ſelf, you 
muſt Nay it with your Thumb) holding it ds you ate befote diteRed , 
lind the North Star through the Hole, and turn the Index to the 
{ Vabeg and then upon the ſecond moveable Patt, the Edge of the In- 
Jen hall edt the Hour of the Night + at the ſame time you will Hud on 
the back-(ide what Point of the Compaſs the Guards are upon, fo that 
you may know alſo What Diſtance the North Btar hath at that time el 
ther above or under the Pole: 
In Neckurngls made for both Bears the Uſe is the fame; only theſy 
have on the ſecond moveable Part two Indexes, ohe marked O for 
Ordat Bear, the other marked L for Little Bear j and likewiſe on the 
Pack- wide there is two Circles diſtinguiſhed by the ſame Marks, but thelr 
Uſe is the fame as before taught j only if you obſerve for the hour of the 
Night by the Guards of the Little Bear, uſe the Index marked L, or if 
ou ſeek the height of the Pole Star, look in the Circle (on the back» 
de) marked L 1 But if you obſerve by the Pointers of the Great Bear 


the Index and Circle marked G, Ce. 


To find the Time of the Moons coming to the South any Day of ber Age, and 
# alſo the Time of High-water that Day. ve 4 | 
inſt 


Firſt, Find the Moon's Age on the moveable Part, and right aga 
it in the Circle of Hours, you will find the Time of the Moon's South - 
ing: | 
, "Ne the Moon were eight Days old, I demand the Time of her 
coming to the South, — 4 | pr 
Therefore look for 8 on the Circle of her . right againſt it 
| you will find in the Hour Circle, almoſt half an Hour paſt 6 of the Clock 

in the (Evening becauſe that always between the Change and the Full 
ſhe cometh to South in the Evening, but after the Full ſhe cometh to 
the South in the Morning :) So having found the Moon s Southing, if 
you add thereto the hour of the flowing at any Place, it will ſnew you 
the Time of High-water that Day. — — * | 

l ** 


. 


. ® 


av... * - | | 
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Example. Suppoſe here at London, the Moon being 8 Days old I find 
by the Nocturnal that the Moon tometh to the South at aol halt an 
Hour paſt 6 of the Clock; to which I add three Hours, the time of 
High-water at the Full and Change, which makes Nine of the Clock, 
and almoſt half an Hour paſt, the time of High-water at Londow-Bridge, 


that Day of the Moon's Age. | 
ther ſhould exceed t 2, that 13 


And if thoſe Numbers peing added t 
muſt be ſubtracted from it, and that will be the time of Full Sea. 

As ſuppoſe the Moon ſhould be 13 Days old at which time 1 find by 
the Nocturnal that the Moon cometh to the South at to of the Clock, 
and almoſt half an Hour, unto which if you add 3 it makes 1 Hours 
and a halt from Which it you take 1 4, there remain 1 of the Clock, 
and almoſt halt an Hour, the time of Mi Water, at Le- Bridge, 
accotding to the common way of Computation. 
And to know the Time of Full Bed at any other Place I refer you to 
the Tide Tables, | 

U 


CHAP, Xt, Contelning the Uſt of the Plaln-Sealsy gunterv 
Scale, Plain Chart, Mereatol's Chart, 44 of both Globen. 


The Deſtription and Uſe of the Plain-Scale, 
T HE Uſe ef this Infyument is facile and delightful, and ſerves the 
h 


Conſtructlon of Problems In Navigation and Aflroneny, | 
6 Lines On s Plain Kal, are uſually a Line of equal Parts, Chords, 
Rhombs, and Longitude ; but on this here deſcribed, are likewiſe 8 
Ling of Sines, Tangente, and Secants. ' 
We ſhall here Inſert the Projection of theſe Lines on the Scale. 
The . Line of Rhombs, 


EE — 


P „ 4 
* * 

2 
0» > 
. 


* 
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The Projeftion of the Line of Rhomtr, : 
For the.dividing of the line of Rhombs, firſt draw the line A Cy 
and upon the point C deſcribe the 8emi-Circle A D B and divide the 
Quadrant AD into 8 equal Parts ; which being done, ſet one Foot of 
your Compaſles in the Point A, and with the other Foot extend to each 
of thoſe Diviſions, and transfer thoſe extents unto the line ACB, which 
will divide the ſaid line into 8 unequal Parts, Which will be à line of 
Rhomby, and to number with t, 4, 4, 4, Tet unto 8: And ſo the 
Halves and Quatter-Points of the Compaſs are to be Inſerted. 


1 he Line of Longitude, 


[ ES | mY || A -\' WH \ | 1 


| The Projectiůou of the Line of Longitude. | 
| _ Firſt, draw the Quadrant C AB, and divide the Side CA, into 60 
4110 equal Parts, then through each of thoſe equal parts draw lines parallel 
N to the Side A B, until they touch the Quadrant CB; which being 
{4 done, ſet one foot of your Compaſſes in the point C, and extend the o- 
ther foot unto each reſpective point of Interſection in the Quadrant BC, 
[ and then transfer them to the line CD (which is to be the Diſtance be- 
#/'  rweenC and B, or the Chord of go degrees; ſo ſhall thoſe Interſections 
101 . divide the line CD into 60 ufiequal parts, which is called the Line of Lon- 


gitude, | 
The Prijeftion of the Line of Sines. 


The Projection of the line of Sines is thus to be performed; Firſt 
draw the line ACB, and upon C draw the Semi-circle, and one of the 
Quadrants divide into 90 degrees, as the Quadrant ADC ; then draw 
a line through each tenth degree of the Quadrant parallel to the line 
A CB it will divide the line DC into go unequal Parts, which will be 
a Line of Sines, to be numbred from C towads D, with 10, 20, 30, 


| ©, unto 90. 1 


. 


The Projeftion of the Lite of Chords,” w 
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The Line of Verſed Siner, 


The Proje&tion of the Line of Verſed Sines, la thus to be effected“ 

Firſt, draw the Line ACB, and upon C deſcribe the Semi-cirele ADB, 

. which divide into 180 degrees; then through each «eg drawing Right 

Lines parallel to the Line DC, they will divide the Line AB into 190 

unequal Parts, which will be a Line of Verſed Sines, to be numbred 

with 10, 20, 30, 40, Ce. unto 180. | 
Doe Line of Chords, 


For the Proje&tion and Diviſion of the Line of Chords, you muſt firſt 


draw the Diameter ACB in the following Scheme, and upon the Cen- 
ter C deſcribe the Semi-circle ADB ; which Semi-circle divide into two 
Quadrants by the point D, then divide the Quadrant DA into 9o equal 
parts or degrees; this being done, ſet one Foot of your Compaſles in 
the point A, let the other be extended to each degree of the Quadrant 
AD, which Extents transfer unto the Line ACB, as you may {ee the 
Arches lead in the following Figure. This Line ſo divided into go un- 


equal Diviſions, 1s called a Line of Chords. After this manner you make 


it of what Radius you pleaſe, and number it with 10, 20, 30, Cc. 
| The Line of Tangents. | 
Firſt, draw the Quadrant as in the following Scheme, and divide ic 
into 9o degrees, and from the Point B ere& a perpendicular Line, as 
the innermoſt Line TB ; then from the Center C draw Lines through 
each degree of the Quadrant CDB, until they touch the line T B, and 
thoſe Interſections will divide the line TB, into a Tangent, to be num- 
bred with 10, 20, 30, Cc. wy | | 
| Te Line F Scans. 
1 thoſe Lines in the followin 
ſpective 


” A NE . * 
* . 


Scheme; through each re_ | 
gree-of the Quadrant, ' an the enter C, until they * ' 


154 Line of Chords, 


the line TB, extend your Compaſſes from the Center C to the extrem|. 
ty of each reſpectlye Line, and the toot of the Compaſſes Aill remaining 
in the point C, transfer the ſaid Lines unto the Line CDS, ſo ſhall they 
divide the ſaid line into unequal Parts, which is a Line of Seca, and 
number them with'ro, 20, 30, Cc. a 


|| 
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Problems of Plain Sailing by the Plain Scale 


ROB, I, A Ship ſaile N E,by E. 108 Lecter! ! 1 demand the Di 
F 18 5 rence of Latitude and 2 fer 


Tn the following Problem of Plain Sailing, , 
 ACrepreſents the diſtance ſailed, We 

AB the Diflerence of Latitude. 

BC the Departure, | 

BAC the Courſe. 

Ach the Complemem of the Courſe, 


Plate f Fig. 13. 
Draw tlie occult line AB, take off 60 from the line ot Chords, and 
{weep the prick'd Arch de. Set oft the Courle five points, taken from 
the line of * from d to e; then draw the line A e C, and ſet oſf 
108 leagues by tlie line of equal Parts, from A to C; let fall the Per- 
pendicular BC, and ſo finiſu the Triangle ABC, in which you will find 
the Difference of Latitude AB 60 leagues; the Departure BC go leagues. 
PR OB. II. 4 Ship fails N E. by E. until her Difference of Latitude be 
60 Leagues; I demand the Diſtance and Departure ? | 

Plate 5. Fig. 13 


Draw AB of the given length 60, and raiſe the occult Perpendicular 
BC, {et off the Courſe five Points, as in the former Problem. Draw 
AC until it meet with BC, and finiſh the Triangle; the Diſtance is 
108 leagues, and the Departure go leagues. 


PROB. III. 4 Ship ſails & M. by M. until her, Departure be go League,; 
I demand the Diſtance and Difference of Latitude? Plate 5. Fg. 14. 
Draw the occult line AB, and raiſe the Perpendicular BC ot ths © 
given length 90 leagues; then upon the point C ſweep the Arch de 
with the Chord, of 60®, and place the Complement of the Courſe three 
points from d to e; then draw CeA until it meet with A B, and finiſh 
the Triangle. The Diitance is 108 leagues, the difference of Latitude 
60 leagues, | 


PRO B. IV. A Ship ſails between the North and Eaſt tos Leagues un- 
til the Difference of Latitude be 60 Leagues ; I demand the Courſe and De- 
parture Þ Plate 5. Fig; 1s. 


Draw AB 60 leagues, and raiſe the occult Perpendicular B C, take 
off the length of AC the diſtance 108 leagues, and placing one point 
of your Compaſſes at A, * the occult Arch cutting the line BC, 

g 2 at» 
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at the point C, by which draw AC, and finiſh the Triangle ; the de- 
parcure BC is go Leagues; with a Chord of g“ ſweep the Arch de, 


which meaſured upon the Line of Rhombs, will be found five. Points 


the Covrſe ſought. 


PROB, V. A Ship ſails between the North and the Eaft 108 Leagues, until 


ter Departure be go Lengues; 1 demand the Courſe and Difference of 
Latitude? Plante 5. Fig 15, 
Draw the occult Line A B, and raiſe the Perpendicular B C of the 
given Length 90 Leagues; take AC 108 Leagues, and ſetting cne 


Point of the Compaſſes at C, deſcribe the occult Arch, cutting the Line 


AB at A, by which draw AC, and finiſh the Triang1:- The Coutſe is 
found five Points, meaſured as in the former Problem, the difference 


of Latitude 60 Leagues. 


PROB. VI. A Ship ſails between the North and Eaſt until the difference 
of Latitude be 60 Leagues, and the Departure 90 Leagues ; 1 demand the 
Courſe and Diſtance ? th 


Draw AB 64 Leagues, raiſe the Perpendicular BC go Leagues, and 
by the Points A and C draw AC, and finiſh the Triangle. The Courſc 


is found 5. Points, as in the 4th Problem, the Diſtance 108 Leagues. 


Traverſe by the Plain-Scale. 


' PROB. VII. A Hip ſails S. S. W 40 Miles, then S. W. 60 Miles, then 
F. by E. 63 Miles, then MI. 49 Miles, then S E. by S. 56 Miles; 


I demand the Courſe, Diſtauce, Difference of Latitude, and Departure 
made good ? 8 | Plate 1. Fig. 7, 
- Firſt draw the Line AB at pleaſure, (and as you are taught in Prob. 1. 


of this Chapter) ſet off S S. W. 4o Miles from A to D, and for the reſt of 
the Courſes obſerve this general Rule, N 5 


Find how many Points it is between the Courſe you are next to lay 


down, and the Point oppoſite to the Courſe laſt laid down, for that is the 


Points for laying down; thus the Courſe laſt ſailed when the Ship js at 


D, is S.S.W. its oppoſite Point is N. N. E. The next Courſe is 8 W.. 


the Points between N. N. E. and 8. W. is 14 Points, or 157 39, 


- therefore with the Chord of 60® and one foot in D deſctibe the Arch AK 


upon which ſet off 14 Points from A to K, and draw the Line DKE, 
which will be a South by Weſt Line, and upon that ſet off the ſecond 
Diſtatice 60 Miles from D to E, the Point the Ship is in at the. end of 


the ſecond Coutſe. 


But When the Courſe laſt laid down and the Courſe next to be laid 
down, makes ſo great an Angle with each. other, as here. A D and DE 


Plate 5. Fig. 1 


. — ©, os 


males 


makes an Angle of 14 Pojnty at D; you may continue the LIhe A D. ob- 
ſcurely ro Ry, and with the Chord of 60* draw the Arch RK; and be- 
cauſe ADR is a 8. 8. W. Line, and your next Courſe is to be 8. W. 
ſer off two Points from R ro RK, and through K draw the Line D E, 


and ſet the 2d Diſlance 60 Miles from D to E, and ſo by one or other 


ol theſe Methods, always _— to ſet it off hat _ that requires the 
leaſt extent of the Compaſles, (for then you are leſs ſu 
which being done you will find that from A the firſt Courſe S. S. W. 


40 Miles, brings her to D, and from thence 8. W. 60 Miles ro E; and 
after ſailing S. by E. 63 Miles ſhe arrives at F, and then W. S. W. 49 


Miles, brings her to G; and S. E. by S. 56 Miles to C, where the 


Courſe, Diſtance, Diſſerence of Latitude, and Departure made good + 
is required: For the finding of which let tall the Perpendicular CB up- 


on the Line AB, and draw AC, and with the Chord of 6, and one 


foot in A deſcribe the Arch P O from the Line AC to the Line AB, 


then PO meaſured on the Chords, ſhews the Courſe South 13˙ 12 
Weſter'y; or S. by W. almoſt half W. The Diſtance AC 211 Miles, 


the Difference of Latitude AB 203, and the Departure BC 59 Miles, | 
and this is ſufficient for all varieties of Traverſes-in plain Sailing; which 


ſerves only in ſhort Diſtances, or near the Equinoctial, and therefore 
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bje ct to 3 


ſhall forbear to enlarge here, and the rather becauſe in a few Pages fur- 


ther we ſhall ſhew the Uſe of the Plain Scale in Mercator's Sailing; and 
how to lay down a Traverſe both in the Latitude and Longitude, to - 


which I refer you for more intire Satisfaction. 


Oblique Sailing by the Plain Scale: + 


PROB. VIII. There are two Ports that bear S. I. by S. and N.E. y. 


diſtance 40 Leagues ; A Ship ſails from the Northermoſt of them, firſt 
South, and then Weſt by South, ſometimes upon one of theſe Courſes, ſome- 
times upon the other, until ſhe arrive at the Southermoſt Port; I demand 


how many Leagues ſhe hath ſail/d upon one. Courſe, and how many upon thb 


other ? - Plate 3. Fig. 16. 


Let A repreſent the Northermoſt Port, and E the Southermoſt, AE 
their diſtance, AD the diſtance ſailed upon the South Coutſe, DE the + 


A- by N. and 8. W. by 8. 
t 


diſtance upon the W. by 8. Courſe, - 
Draw the Line AE 40 Leagues, bein 
Line deſctibe the Ateh fg , ſetting off t 
Line AD, being a South 

nie Tan 481. fh ied nth u 4 Leagues, And 
W. by 8. 1 8 : Laaguarand 4 bull | = PROP, 


ee Polnts, and draw the oceul= 


" * * 


ine j then ( the Arch h 4 and ſet off four 
Line DE, ntl l meet with AD, and ſo fit © 


4 


* 
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PROB. IX. There are two [lands that bear Eaſt and Wit, and are di- 
ſtant 40 Leagues; A Ship ſails from the Weſtermoſi NE. by E. and then 
ſatling 22 Leagues and a half farther, arrives at the Eaſtermoſt Port; J 
demand the Diſtance ſailed upon the firſt Courſe, aud what was the ſe. 
cond Courſe? Plate 5- Fig. 16, 


Let A repreſent the Weſtermoſt Port, E the Eaſtermoſt, D the Place 
where the Ship altered her Courſe, making the beſt of her way ; AD 
the N. E by E. Courſe ; DE the other Courſe unknown; Draw AE 40 
Leagues, ſet off an Angle of three Points, and draw AD, che N-. E. by 
E. Line occultly ; take the diſtance 22 leagues and a half, and placing 

one point of your Compaſles in the point E, croſs the line A D in the 
point D, draw D E, and finiſh the Triangle. The Diſtance upon the 
firſt Courſe is 29 leagues, the Angle at E is four points, therefore the 
ſecond Courſe is S. E. | 


PRO B. X. Tuo Ships ſail from the ſame 1and, the firſt ſails NW. by 
N. 22 Leagues and a half, the ſecond \i*, by V 4 Leagues, and arrive at 
their ſeveral Ports; 1 demand the Bearing and Diſtance of thoſe Ports, 

. Plate 5, Fig. 16, 

E repreſents the Iſland, D the Northermoſt Port, A the V'eſtermoſt. 

Draw AE 40 leagues; and ſet off the Angle at E four Pointe, and 
draw DE 22 leagues and a half ; then by the points D and A draw AD, 
and finiſh the Triangle, The Angle at A is tarcerpoints, which ſhews 
the bearing of the Ports to be E. N. E. and W. S. W. and the Diſtance 
AD almoſt 29 leagues. 
PROB. XI A $hi ſails from a*certain Port VNN 22 Leagues, and a 

Half, and then more Southerly 29 Leagues, and then ſhe is forced back a- 
gain to the Port from: whence ſhe cam? 40 Leagues ; I demand her Courſe 
from the ſecond Place to the third, and how ſhe ſteer d back again. 

; | Plate 3 Fig. 16. 

E repreſents the firſt Port, D the Place where the Ship altered het 
Courſe, A the Place where ſhe was driven back. 

Draw the line DE 23 leagues and a half, and take the Diſtance AD 29 
leagues, yromeg your Compalles in the point D, deſcribe the occult Arch 
at A, and take the Diſtance AE 40 leaguesz/defſcribe another occult Arch 
from E crofſing the former in the point A;draw AE and AD, and finiſh 

the Triangle. The Arch mn is 9 points, theretore the Courſe from 

the 2d Place to the 3d, is 8. W. by 8 and ſhe ſteer'd back again to the 
firſt Port E. N E. LE | 

Here follow ſome Problems in Mereator's Sailing, wrought two ways. 

Firſt, by the Plain Scale only, by taking the middle Latitude; whit 


N= TY 5ZF. . CC ET 
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s not exactly true, but wy ſerve as an Approximation in a ſingle 


Courſe, provided the diſtance be but ſmall, otherwiſe it is too grols: 


The 24 Way is by the Meridional Parts, which will be exa& ac- 
cording to the Capacity of the Inſtrument, 


' The Uſe of the Plain · Kale in Mercator's Sailing by middle Latitude. 
PROB. I. A Ship being in the Latitude of 40”, ſuils a N. Weſterly Courſe, 
until be come into the Latitude 45 30', the Difference of Longitude 90 
Leagues; 1 demand the Courſe, Diſtance, and Departure? 
: Plate 4 Fig. 10. 
For the Solution thereof by the Plain · &ale, firſt draw the line 405, 
and upon the Center C deſcribe the Semi circle A g and croſs the 


line 4 C B at Right-angles with the line E C D; then find the middle 


Latitude, by taking the half Sum of both Latitudes added together; 
which you will find to be 42* 45', which middle Latitude fer off from 
D to Mand L both ways, and draw the line MI : then ſet the 
Diſtance DF from ; to G, then ſet off the Difference of Latitude 110 
Leagues from Bto H, and from E to A, and upon the point 4 ere& 
a Perpendicular as AK, and from A ſet off the Difference of Longi- 
tude in Leagues which is 9, to &, and from the Point XK, draw the line 
KG, then from the point ¶ ere& an occult Perpendicular®as the line 
HI; then laying a Ruler from the Point B to the Point £ (where the 
line B K doth cut the line EC) and draw the line B, then upon the 
Point B deſcribe the occult Arch Cn, which being meaſured on the 
Line of Chords will be found to be 31* or two Points three Quarters, 
which is the Courſe required, N. N. W. three quarters Weſterly ; and 
the line B I is the Diſtance required, which being meaſured upon the 
line of Leagues, will be found to be 129 Leagues, and the Departure 
H1 66 Leagues. ; 


PROB. II. A Ship being in the Latitude 40* North, ſails N.N W. three 
quarters (or 7*) Weſterly, until ſhe come into the Latitude of 45* 30'; 1 
demand the Diſtance run, the Difference of Longitude 4 grid ? 

ate 4 Fig 10. 
In the Solution of this Problem by the Plain Scale, draw the line 4 B, 
at any convenient Length, and upon C deſcribe the Semi-circle 4 D f 
and find the middle Latitude as before, ard ſet it off from O to M and 
L, and draw the line ML, and upon the point B deſcribe the obſcure 
Arch Cu, and ſet off the Courſe given, (which is two Points three 


* 15 and a quarter) from & to u, and ſet the Diſtance CN from 
to S, and from J ſet off the Dlſſerenee of Latitude 110 Leagues, 
and the fame Olſtanes from G ro of, and from the Points // aud 4 — 


erect· the two. Perpendieulats HI and AK, then through the Point n; 


be found to be 129; then laying a Ruler from G, to the Interſection of 
the Lines at E, draw the Line G K, and note where it interſecteth the 
Line AK, which is at K: So the Diſtance AK being meaſured upon the 
Scale of Leagues, will be found to be 90 Leagues, the Difference of 
Longitude ſought, and HI the Departure 68 Leagues. | 


PRO B. III. 4 Hip being in the Latitude 40 North, ſails between the 
| North and the Weſt, until ſhe arrive to the Latitude of 43 zol, and «hat 
her Diſtance run be 129 Leagues ; I demand the Courſe, Difference Len- 

gitude and Departure? | Plate 4: Fig 10 


Firſt, draw the Line A CB at any convenient length - and upon C 


fore, and likewiſe the Diſtance CF from C to G, alſo the Difference 
of the Latitude in Leagues from B to H, and from G to A; then e- 
rect the two Perpendiculars at H and A, then take the Diſtance be- 
tween the Compaſſes, and ſet one Foot of the Compaſſes in B, and 
| extend the other Foot towards I, until it doth interſet the Perpen- 
. diculat raisu from H, in the Point I, and draw BI; then laying a Ru- 
Jer upon the Point G, unto the interſection of the Lines at E, draw the 
Line GK, and note where it doth interſe& the Perpendicular rais d from 
| A, which will be at K then the Diſtance KA being meaſured on the 
1% Scale of Leagues, will be found to be po, the Difference of Longitude 
NN ſought. Then for finding of the Courſe with the Radius of your Scale 
nnd one Foot in B, draw the obſcure Arch Cn, and that being meaſured 
. on the Line of Chords, will be found to be bn or two Points three 
+ Quarters, the Courſe required, which is N. N. W. three Quarters Welt- 
my _- crly, and the Departure-HI 66 Leagues, 


4 ROB. IV. A Ship being in the Latitude 40* North, fails NINIP. thre 

26 warters (or 75) 2 129 Leagues; 1 demand the Latitude of the ſecond 
7 

1 Place, the Difference of. Longitude and Departure? 


'Firſt, draw the Line B A of any convenient Length, then from one 
end thereof, as U, deſcribe the occult Arch Cn, and ſet off 31“, or 
two Points three quarters from C to n ;' then by the Point n draw the 
x. Line BI, the Diſtance. 129 Leagues, and from the end thereof as at 1, 
N jet fall the Perpendicular 1H ; then meaſure the Difference of Latitude 
zs, which you will find to be 110 leagues, or 5* 30'; the Latitude of 
$ the ſecond Place is 45* 30's Then having the two Latitudes * 

| | - middle 


166% "The Uſe of the Plain dear, M 


draw the Line BI, which being meaſured in the Scale of Leagues, will 


. deſctibe the Semi-circle A DB, aud ſet off the middle Latitude as be- 


"= h * | n @ ! * 
in. Mercator's Sailing. 1418561 

middle Latitude, as is before directed; then upon the line BA, and 8 
on the Center C deſcribe the Semi- citcle B BA, and drawing the line 
DE from the point D ſet off the middle Latitude 42 45 both ways 
co M and I, and draw the line ML ; then take the diſtance DF in your * 
Compaſſes and ſet it off from B to G, and from H to A; then upon the 

int A erect an occult Perpendicular as M K; thea by the point E, 
draw the line G K, till it interſe& the Perpendicular at K ; then draw the 
line AK, which being meaſured the line of Leagues, will be found to 
be 90 Leag. or 4 30, the Diff. of Long and HI the Dep. 67 Leag: 
See other Ways of projecting Middle Latitude Sailing. Chap. 6. 


＋ 


PROB. V. A Ship being in the Latitude 400 ſaili in that Parallel, until | 
her Difference of Longitude be 6* : I demand thy Diftance run. ' 


To reſolve this Problem by the line of Longitude on the Plain Scale, 
you muſt underſtand, that according to the Globe, the Meridians do 
incline nearer together, until they concur and intetſect each other in 
the Poles, ſo that hereby the degrees of Longitude ate hot oo of the 
Equinoctial Minutes in any Parallel on the North or South (ide of the 
Equinoctial; but the nearer to either of the Poles you approach, the 
more they decteaſe : ſo that in the Latitude of 60 degrees thete ate but 
zo min. of the Equinoctlal to one degree of Longitude ; and in the La- 
titude of 84 degrees, there are but 6 Minutes, which doth ſhew the 
Errors of the // Chart, and theretore in (ailing, it ought to be rei» - 
fied according to the Globe, and to that end was this Line of Longitude 
corittived, which is thus to be uſed, 

If you deſire to know how many Miles there are in a degree of Lon- 
Itude in = Latitude, you muſt extend the Compaſles from the 
enter in the line of Chords, to the degree of the Latitude of the Place, 
and the ſame Extent will reach from the Center at 60 on the line-of 
L.ongirude, to the Number of Miles anſwering to « Degree of Longi- 
tude in that Latitude, 

Therefore for the Solution of the filth Problem here propoſed, extend 
your Compaſles upon the line of Chords, from the Center to the Lati- 
tude of the place, which is 40 degrees, and the ſame Extent will reach 
trom the Center at 60, in the ine of Lovgitude, to 46, which ſhews 
that 46 min, make a degree ot Longitude in that Latitude, which 46 be- 
ing multiplied by 6, the Degrees of Longitude, gives 276 min. the 
Diſtance run which was required, JE 
PROB. IV. A Ship being in the Latitude of 40 deg. ſails in that Paral'el 

276 min I demand her difference of Longitude ? 

For the Solution of this Problem, find how many Miles make a 

Degree of Longitude in the 8 1 of 407 (as in the laſt Problem) 
- o which * 


* 
,» 
" * 


16 © Parallel Sailing by the Plain Scale 
which is 46; therefore if {you divide 272 (the Diſtance run) by 46 

(the Miles in a Degree of Longitude in that Latitude) the Quotient 
Vill be 6“, the Difference of Longitude required. 


Parallel Sailing by the Plain-Scale. 


But if you would find the things required by ProjeRion, or would 
have your Queſtion ſo laid dowti, that what is given or ſought may be 
meaſured by Scale and Compaſſes ; a very proper method (which is alſo 
a Demonſtration of the Proportions we have made uſe of in working 
Paraltel 1 by a Canon) is as tollws, Plate 2. ma. % 
Upon the Plain Scale, take in your Compaſſes the 8. of 90 (v eh 
Is equal to the Chord ct 66) and ſet from A to B, and at B raiſe the 
Perpendicular BC; and ſet the Sine of the Complement of Latitude 
from A to b, and raiſe the Perpendicular be, and if the Difference of 
Longitude be given, ſet eit on the line BC from B toyC, but if the Dl. 
Nance be given, ſet It off upon the Line bie, from b to e and through 
© of e dtaw the Hypothenuſe AC, ſo is A b the 7h Complement of 
the Parallel of Latitude, be the Diſtance, BC the differetice of Long 
tude, 80 that in three things, viz: the Latitude of the Parallel, theD 
- ard Diff of Longitude 1 two be given, the third may be found. 
Kxample 1. A Ship in Latitude 66* be ſails due Weſt, kill her Hicke. 
wer 1 on — be 5* 17% of 447. 1 demand how far ſhe hath falled 
n that Parallel, 

Draw AB equal to the Sine of ge; and take in your Compaſles the 
Sine of the Complement of Latitude, which here is yo (the Latitude 
being 66) and ſet from A to 3 and ralſe the Perpendicular B C upon 
- which ſer off the difference of Longitude 437, from B to C, and draw 
AC; and at b erect the Perpendieular be, to cut AC in e; and be 
meaſured, will be found to be 219 the Diſtance required, | 

Exvymple 2. A Ship in Latitude 42“ 10“, ſails W. 397 Miles. I de- 
mand her difference of Longitude? Plate 2. Fig. 8. 

Wich the Sine of go“ draw the Line AB as before, ſet the Sine of the 
Complement of the Latitude trom A to b, and raiſe the Perpendicular 
bc, upon which ſet off the Diſtance 397 Mites. Ere& alſo the Perpen- 
dicular BC, and from A through the point e draw A C, till it cut BC 
in C, ſo is BC, the Difference of Longitudude 536' or 8? 56'. 


Example 3. A Ship ſails Weſt 597 Miles, her Difference of Longitude 


769 Minutes, or 125 49. Idemand what Latitude ſhe failed in. 
£4 i Plate 3. Fig. 9 
Having drawn AB (the Sine of 907) raiſe the Perpendicular BC, upon 
which ſet off the difference of Longitude 769, from B to C, and draw 
- AC, then take in your Compaſſes the Diſtance 597 Miles and with 
, | : . | A | Ong 


— — 


a . 
. _* * * * *g oy — 


* 


* , e | id. 4 : „ * 3 
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one foot at (or near) the end ot the Line AB, as A; ſweep the prick» + _ 
ed Arch d, and with one foot in (ot near) B, and the Kae tent * 
ſweep the {mall Arch e lay a Ruler from the Extremity of both theſe 

Arches, it will cut AC in e; from e let fall the Perpendicular e b to cut 
AB in b, the Extent Ab taken in the Compaſſes and applied to the 
Line of Sines, reacheth to 30“ 56' the Complement of Hane 80 
that the Latitude is 1 4 which was 1 

And becauſe the Triangles BAC and b A e ate ſimilar (having one 
Right-angle, and the Angle at A being common to both) therefore thelr 
Sides are n by Encl. Lib, 6, * 4+ that is, As Baſe A b 
to Baſe AB So Perpendicular be, To Perpendicular BC, Or by 
altering the Terms it is, As Ab, to bei 80 AB, to BC, And bee 
cauſe it) this way of dee Pura Sailing A b is Sine Complement 
of Latitude, be the Diſtance, AB Radſus, and B C the difference 
of ne t will follow that, As Sine Complement of Latitude 
Ab, to the Diſtauee be 80 ls Radius AB, To the differences of Lon⸗ 
gitude BC, Which is the Proportion we made uſe of in out Trigono⸗ 
metrical Operations i Hr Sailing ; which is hereby elearly ders 
ſifated, and this Proportion altered of ſhverted as cecafion requires, ſerves , 
in all Caſes for te uelng Miles Kaſting er Weſting, to Minutes of De- 
grees of Longiude, and the — 

Queſtions it falling ih a Parallel, may alſo be lald down by 4 . ' 
angled Plain Triangle, with only ene Perpendicular, making the Pers 
pendieular equal to the Diſtance ſailed in the Parallel, and the Angle at ® 
the Baſe equal to the Complement of Latitude ; fo ſhall the Hyporhen 
nule be equal te the Difference of Longitude, Plate u. Fig. 1. 
Example. Suppoſe a Ship (fails Weſt 306 Miles in Latitude 36“ 1) 
make BC 206, the Angle BAC ;;“ 420 equal to the Complement of 
Latitude, and having finiſhed the Triangle it is, As Sine of BAC + 
Complement of the Latitude, To Side oppoſite BC the Diſtance failed z 
So is Radius, To the Hypothenuſe AC. The difference of Longitude, 
372'or 6* 12', and this way alſo you may by any two things given, lay 


it down and find the third. G 
Anoth:y way to work Mercato.*s Sailing by the Plain Scale, and the » 
Meridional Parts. 0 


PR OB. I. A Ship ſail: S S Z. from the Latitude 40* North, to tbe 
Latitude 3735 North ] demand the Diſtance ſailed, the Departure and 
difference of Longitude. Plate J. Fig. 17- 

aving the two Latitudes 40 North, and 37 35' North, fikd the 

Veridional Difference Latimde by the Table of Meridional Parts, which 

is 186' and ſubttacting the one Latitude from the other, the difference 
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- to i Fax 186 from A to B; raiſe the two occult 


b  PROB. III. 4 fbip ſail: N weſterly 1j. from the Latitude of 40 4 


ö i. The Departure b c is 58 min. The difference of Longitude BC 77 = 


— 


* 


1 8 The Me of the Plain Scale. 


To work this Problem, draw the line AbB, then place 145 from A 
culars, b 
and B C, ſet off the Courſe two points and draw the line A Tok wy 
ducing jt until it cut both the Perpendiculars in the points and e 1 of 
and ſo finiſh the two Triangles Abe and ABC. The diſtance Ac iy 

153", the Departure be 38, and the difference of Longitude BC 7. 


frog, 11. 4 Ship ſails from the Latitude 40*N. to the Latitnde 4e 10 


N. unt i ! her Difference of Longitude be / Weſterly j; I demand the Conr 
Diftance and Departure? * „ Plate J. Fg. 05 


The Meridional Difference of Latltude le, as in the firſt Problems 


7 15, the proper difference of Latitude 140'. 
Draw AB 


t86', place 140 from A to b, raiſe the Perpendicular BC 
of his given length 7)“, and alſo the becu!t perpendicular be by the 
points A and C draw A C, and finiſh the two Triangles. The Coutſe 
the Angle at A is two polnte, of N N W. the diſtatice Ae 154), the De- 


parture 58", 


16 the Latitude of 43* 10 North 3 I demand the Conrſe, Departure, an 
Difference of Longitude ? Plate 5, Fig. 17. 
The Meridional Difference of Latitude is 186 Minutes, the proper 


Difference of Latitude 140 Minutes. 
Draw AB 1867, and A b Jo, as before, and raiſe the two occult 


Perpendiculars be and B C; take the Diſtance 152' ; and placing one 


point of your Compaſles in the point A, croſs the occult line b c in the 
point c, and draw Ac, producing it until it concur with BC, and finiſh 


the Triangles The Courſe is two points, or N. N. W. the Departure 


38“, the difference of Longitude 77. 
PR OB. IV. 4 Ship fails NN 15 2 min from the Latitude 40* North, 


I demand the Latitude, Departure, and Difference of Longitude ? 
Plate 5. Fig. 17. 


© Draw the occult line AB, and ſet off the Courſe two points, and the 


" Diſtance Ac 152, let fall the Perpendicular bc, and ſo finifh the Tri- 
angle Abc. Then Ab will be found 140“, or 2* 20, which makes the other 


Latitude 42* 20', by which you will find the Merid. Difference of Latitude 


to be 186". Place 186 from A to B, and raiſe the occult perpendicular 


BC, until it meet with AcC continued, and ſo finiſh the Triangle ABC: 


- 


" . * 


8 


The Uſe of the Plain-Scale, is laying down and working a Traverſe, 
| accoraing to Mercitor's ProjetHon, 


A Ship in Latitude 44* 23' North, bound for a Port Id Latitude 46% 
ov! N. vifterence of Longitude Weſterly 4 from the Northermoſt Port 
to the Southermoſt is 4* Mie or 292% ſhe falls S. W by 8. 47 Miles, 
then 8. 8 W. half W. 51 Miles, then 8. by K. half K. 64 Miles, then 
W. N. W. three quarters W. 61 Miles, and laſtly W. S. W. à quarter W. 3 ! 
Miles, I deſire to know the Latitude come to, with the true Courle an 
Diſtance made good ; and alſy the Courſe and Diſtance from the Bhip ts 
the Port bound for, Plate 4. M. 10. 
Firſt, {As you are taught in Prob.! of the Uſe of the Plain Stale In 
Mercator s Sailitig by Meridional Parts) having both Latitudes and Dif 
ference of Lofgitudes between the Ports, find the Meridional Difference 
bf Latitude, Which is 274, Which ſet upon the line A D from A to D, 
and raife the Perpendicular DE, upen which fet the Difference of Len- 
gitide +93 trom D to E, and draw KE Setalſothe Diff rence of La- « 
titude between the Ports 265 from A to d, and ereft the Perpendicular 


h Je te ent A E ine; which done, A repreſents the Port failed from, 
Ke the true dillance between the Ports meaſired upon a Scale of equal 
1 ins, n_— to Plain Sailing ; E the Port bound for as it is repre- 
er Milented in the Mereator's Chart; D E the difference of Longitude 292, 
Wand here only lies the Inconveniency that attends Mercator 's Chart, that 
le ipitho' E repreſents the Port bound for in the Mercator's Chart, yet Ke 
ne eaſured upon a Scale of equal Parts ſnews the true diſtance; but when 


he two Ports A and E, are placed each in its proper Longitude and La- ©; 
itude there is ſo much difficulty attends the common Way of finding 8 
he true Diſtance, that I ſuppoſe has chiefly if not only diſcouraged ma- * 
y Perſons from the frequent Uſe of the Mercator's Chart, and made them 

o return to the old but erroneous Practice of Sailing by the Plain Chart; 

ut to remedy this Inconveniency, and to encourage our Exgliſi Sailors 

d abandon it (as being owned by all that know it to have no better 


7. oundation than Falſehood it ſelf) you ſhall have in the Uſe of the 
he lercator's Chart a Method whereby without much Puzzle or Trouble to ® 
1 ake a Scale for every Mercator s Chart, whereby you may with one 
= xtent of the Compaſſes, and one Application to the Scale, as in Pair 
de ung, meaſure any Diſtance: And I hope they that can make their 
lar wn Charts will not be un willing to be at very little more Pains to make 
C: Scale to render ſuch a true and uſeful Invention, as the Afercato s 


hart, both Eaſy and Practical. 
' Having. 8 


A : 


168. V. Wiſe of the Plaln. Scale 

Having thus lald down the two Potts, and conſtituted the Triang)s 
1 Ade and ADE, ſet off your firſt Diſtayee 8; W. by 8. 47 Miles from 
= A to g, and B. 8. W. half W. +5 1 Miles from g to h, Oe. as y u ate 
auch in 7/9 7. of Plain Saiting by the Plam Sta and having lald down 
1. (Our (everalCoutles from h to k arid thenee to m, the next Courſe, whit 
is the laſt propoſed in the 1eflion brings het to e, and the Bill mali 
good is A e $044 Miles, the difference of Latitude A b 146 Milg, 
Ind eonfequently the Latitude eswe to is 4e 5% by which you find Ne 
ridienal difference of Latitude A B 198, from B erect the perpend: 
* evlar BE, te ent Ae (produced) in E, then is B © 191” the different 
of Lengitude made Food and GC repreſents the Plage that the Ship 
in, in A. Mereator's Chart, therefore draw CM parallel te BD, ai 
draw O- K, then 8, | | | | 
OM the Meridional difference of Latitude, 
ME the difference of Longitude, Berween the 
CL rhe difference of Latitude, Ship and the 
CR the Diſtance, Port, 

R CL the Courſe. ; 


When we come to ſhew the Ule of Mercator's Chart, we ſhall do it 

by a Traverſe laid down by the Scale above propoſed, whereby th 
Ship is brought to her proper Place in the Mercator's Chart, without 
regarding Departure, or proper difference of Latitude. 


PROBLEMS of Great Circle Sailing, 


PROB. I. Tuo Places both in one Latitude, the Difference of Longitul 
being given, to fig by what Latitudes and Longitudes the Arch paſſt, 
and the Courſes and Diſtances from Place to Place, in the Arch of a gre 
Circle. - 08: | 
Example · Suppoſe the Lizard and Penguin [land on Neu. found. Lai 

both in the Latitude 50" North, the difference of Longitude betwett 

them 47* ; I demand by what Latitudes and Longitudes the Arch palls, 
and the Courſes and Diſtances from Place to Place ? 
Plate 4. Fig | 


Draw the Line AE and ou the Tangent of 40 deg. the Comple 
ment of the Latitude from A to B: with 60 deg of the Chords (we! 
the Arch DE, and ſet off 47 deg. the difference of Longitude fro 
E to D, and draw the Line A D, and place the Tangent 40 deg tt 
. Complement of the Latitude from A to C; then draw the Line B , and 
upon the Arch DE, ſet off every os deg- from E to D, and dr 


aw dhe 


ptid 


mY 


16% 


* a | 
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12 from B repreſenting the Lizard, to C which repreſents the 
lan 

Having theſe Latitudes and Longitudes, you may find the Courſe and 
Diſtance from place to place, according to Mercator's Sailing 3 as you 
are taught Chap. 7. Prob, 1. of this Book, where you have the ſame 
Queſtion anfwered by Arithmetical Calgulation ; to which / to avoid need- 
leſs Repetitions) we ſhall refer the Reader for a Proot of his Work in 
this and the following Problem, : 
PROB. II. Two Places differing both in Latitude and Longitude, to find 
the Latitude and Longitude by which the Arch paſſes, iand the Courſes 
#:d Diſtances from Place to Place. | 
Example. Suppoſe the two Places be Trinity- Harbour in Virginia, in 
Latitude 36? North, and the Lizard in Latitude 50 North, the Diffe- 
rence of Longitude between them 68 degrees. I demand by what Lati- 
tudes and Longitudes the Arch paſſes, and what is the Courſe and Di- 
ſtance from place to place ? 8 Plate 4. Fig. 12. 

Draw the Line AF, place the Tangent of 407, the Complement of 
the LizardsLatitude from A to C; and with 6o® of the Chords, and one 
foot in A, deſcribe the Arch E F, ſet off 68 from F to E, and draw 


Harbour's Latitude from A to B, and draw BC, letting fall the Per- 
pendicular A d, then ſet off every 5 deg. from E towards F, (becauſe 


ments. 


5 * 
» 


\ 2, A 3, Oc. meaſured on the Ling of Tangents, gives the Comple- 


* 


2 * 


MP 


y 


the Line AE; then place the Tangent 54 the Complement of Triuity- 


: l 
- 


:, 


Theſe are the Latitudes by which the Arch palles at every 5 deg. of - 


* 
N 


ſail from B) draw the prick d Lines Ar, An, Ce the Diſtance mr. * 


ww 


1 
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in Aſtronomical Problems. q 69 


Deſcribe the Semi-ci cle, draw AD and AE, as before, 'place the Sine 
of 567, the Bun's diſtance from Aries ; from A to F; through the point 
F draw the Parallel HR then is FG the Sine of the Right Aſcenſion, 
GH being Radius, which you may meaſure after this manner: Place the 
Diſtance HG from A to o; upon o as a Center, with the diſtance FG; 
deſcribe the occult Arch at m ; a Ruler laid from A until it touch the 
Arch, will cut the Semi-circle BDC in the point N; the Arch C N is 
the Meaſure of FG 54#*, the Right Aſcenſion. 6 2602 


PROB; IV. The Sun's Declination given, (the greateſt Declination being 
known) to find the Right Aſ-enhon. 

Example. The Sun's Declination is 19*; North increaſing ; I demand 
the Right Aſcenſion, | Plate 5. Fig. 18, 

Deſcribe the Semi-circle BDC, and draw the Line AD and AE as 
before ; * the Declination 19*, from Band C to H and K, drawin 
HK; FG being meaſured, as in the third Problem, gives the Right Al- 
cenſion as before, 54. | 
PROB. V. The Latitude of the Place, aud the Sun's Declination being gi- 

ven, to find his Amplitude. 
Example. In the Latitude 31 North, the Zun's Declination being 


% N. I demand the Sun's 17 | Plate . Fig. 19. 
Draw BAC, and the Semi- elrele BZC, the Perpendicular 4E 1 place 


c 
the Latitude or Height of the Pole 5 1*; from C to Þ, aid draw 45; 


let off the Complement of the Latitude 39 from B ro @ and draw 
A @ the KquinoRial ; place the Chord of the Declination 19*} fro 
to D, and the Sine thereof from 4 to G, and draw the Vaarallel 

linatlon DF, AF meaſured on the Line of Hines lu % the Ame 


plitude required, 


PROD, VI, The Latitude of the Place, and the Sun's Drelination 
Iven, te find the Aſcenflonal Difference ? * 
Example, In the Latitude pt North, the Sun's Deelination 19*4 N, 
I demand the Aſcenſional Difference Plate . Fg. 2 
Deſcribe the Semi-circle N Z C, and draw the Live 1 Z, 4 Þ, 4 2 
and D F, as In the filth Problem, F @ is the Sine of the Aſcenſiona 
Difference, to the Radius DG, which is thus meaſured i Viace DG tron 
Ato04 upono as a Center, with the diſtance FG deſcribe the Arch a 
4% Ruler laid from A until touch the Arch, gives the point J) anc 
BI, 14*} is the Meaſure of the Aſcenſional Diflerence. 5 
What the Aſcenfional Diflerence'is, and the Uſe of it, may be ſees 


Prob, ,6 _ 1 ' 
nnn PROB, 


n 
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PROB. VII. The Latitude of the Place, and the Sun's Declination being 
| ; given, to find when the Sun ſhall be due Eaſt or Wiſt, 


Example. In the Latitude 31 North, the Sun's Declination, 17%}, 
North; I demand at what time he ſhall be due Eaſt or Weſt? 
Wo Plate 5. Fig. 20. 
Deſcribe the Semi-circle B Z C, and draw the Lines A7, AP, AQ, 
and DO, as before; E O is the Sine of the time from 6, that the Sun 
is Eaſt or Weſt (to the Radius DO) to meaſure which, 82 DO from 
A to d, and upon the Center a, with the Diſtance E O deſcribe the 
"Arch at gz a Kulerlaid from A, until it touch the Arch, gives the point 
L, and BL 14 deg. ! is the mealure of EO, which reduced to time (See 
Prob. 7. Chap. 8) makes 5 ; which ſhewsthat the Sun is due Eaſt at 
g' paſt 6 in the Morning, and due Weſt at one minute paſt 5, or 59 
min. betore 6 at Night. 


PROB. VIII. The Latitude of the Place, and the Sun's Declination being 
given to find the Altitude of the Sun, being due Eaft or Mil. 


Example. In the Latitude 51 North, the Sun's Declination being 

171 N, 1 demand the Sun's Altitude being due Eaſt — Weſt A 

| ate , ' 20 

Deſcribe the Semi-circles BCZ, and draw the Lines AZ, Ab, 24 and 

D o, as before. 4 bein meaſured on the Line of Sines, is 23 fere, 
Sun's Altitude being due Eaſt or Welt. 


PROB IX. The Latitude of a Place, and the Sun's Declination being 
given to find the Sun's Altitude at fix 


Example. In the Latitude 51%} North, the fun's Declination being 
179! N. I demand his Altitude at fix ? | Plate 3. Fig. 20 
Deſcribe the Semi-circle BZC, draw the Lines AZ, AQ and DO, 
and thro? the Point O draw the Line | ob parallel to BC, BL or Cb 
meaſur'd on the Chords, or Al on the Sines, gives 13, the Altitude 
of t e Sun at Six 


ROB. X The Latitude of a Place, and the Sun's Declination heing given, 
to find the Sun's Azimuth at Six, 


| Example, In the Latitude 51* , North; the Sun's Declination 170 
N Nortn ; I demand the Sun's Azimuth at Six. Plate 5, Fig: 20 
Deſcribe the Semi · circle BZ C, and draw the Line AZ A5. Q, 
and DO, as before; draw lob as in the ninth Problem : I o is the Sine 
of the Sun's Azimuth to the Radius IL, which is thus meaſured place 
I L from A to e, with the diſtance I o upon the Center e; deſcribe 9 
| deen 
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cult Arch at d; a Ruler, laid to touch the Arch, gives the point b and 

C b meaſured is 11 deg. 4 the Azimuth from the Tall or Wet. So that 
the Sun is E. by N. at 6 in the Morning, and W. by N. at 6 at Night. 


PROB, XI The Latitude of the Place, the Sun's Declination'and Altitude 
| given, to find the Sun's Azimuth, 


Example In the Forenoon, in the Latit. 31 deg. 4 North, the Sun's 
Declination is 20 4 deg- N. and his Altitude 43 deg I demand his An- 
muth ? ; Plate 3. Fig 1G 
Deſcribe the Semi-circle BZC, and draw the Lines AZ, AP, AQ, 
and DF, the Parallel of Declination, as in the former Problems place 
the Altirude 47 deg. from B and Ctod and e, and draw the Parallel 
de, which interlects the Parallel DF in the point G, IG is the Sine of 
the Sun's Azimuth from the Eaſt towards the South, I d being the Ra» 
dius; which to meaſure, place I d from A to e, and thereon with the 
diſtance 1G deſcribe the Arch at f; 4 Ruler laid from A to touch the 
Arch, gives the point h. Bh 24 deg. f is the Meaſure of IG, Eaſt Sou- 
therly So that the Sun's Azithuth is 8. E. 65 deg. 30 min, 


PROB- XII. The Latitude of a Place, the Sun's Declination and Altitude 
being given, to find the Hour from Noon, 


Example, In the Afternoon, in the Latitude 5 r deg. | N the Sun's 
Declination is 20 deg. 30 min. the Altitude 43 deg. I demand the Hour? 


Plate { Fig. 21s 
Deſcribe the Semi-circle BZC, and draw the Lines A Z, AP, A'Q, 
DF, and de, as in the 11 h Problem; FG is the Sine of the Hour from 
Six, which to meaſure, place DF from A to u, and thereon with the 
Diſtance F G ſweep the Arch at K a Ruler laid to touch the Arch 
ives the point o, and Co is the Meaſure of FG 45 deg. which reduc'd 
nto Time, gives three Hours, the time in the Atternoon, 


r 


S:cT, II. The Uſe ef Gunter's Scale 


T $hall not ſay much of the Deſcription of the Scale, nor of the Pro- 

jection or the Lines thereon, being the Logarichms of Numbers, 
nes, Tangents, Cc. placed upon a Scale, only obſerve, that the com« 
mon Gunter's Scales have 8 Lines, the uppermoſt is called Sine-Rhombg, 
marked at the end towards the Right-hand 8 R, and numbred towards 
the Right-hand 1, 2, 3, 4 5, 6, 7, 8; and is only the Sine of the De- 
ree and Minute that anſwers to the Rhomb, as the Sine of 3 on the 
hombs, is equal to the Sine of 33* 45' on the Sines; becauſe 33* 45' is 
equal to 3 Points, Ce. T 8 i RE 
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- humbred towards the Right-hand, , 2, 3, 4, 
oſ this Line, as were given in taking the Sine of any Rhomb. 


* 


then for the ſecond Figure count ſo many tenths from the long Diviſions 


The Number given being 12, 


warde, and from the tenth I count 4 Centeſms, or hundred parts furs 


pure being 2, Ireckon 2 Centeſms from the 7 Tenth 
nte 


always to be Decimal Fractions, xe, is, rn, (or 2, ot, 001) fy 


The next Line marked T R, is the Tangent of the Rhowbs, and in 
and back again z, 6, 4, 
the ſame Ditedions are to be obſerved in raking the Tangent of a Rhomb | 


The third is the Line of Numbers, marked Numb. the fourth is Sines, | 
the fifth is Verſed Siner, marked P. Sine, the ſixth is Tangents, marked 
the ſeventh the Meridian-line, marked Me/id. and the loweſt is 4 
Line of Equal Parts, of all which in order, and fitſt of the Line of Nums 


bers, 
a To find a Whole Number on the Line of Numbers. 
Among the figur'd Diviſions, look for the firſt Figure of yourNumber 


on towards the end oftheRule, as the Units in the ſecond Figure amount 
to: Then for the third Figure count from the laſt Tenth ſo many Cen- 
tulms as the Figure hath Units, and ſo likewiſe for the fourth Figure, 
nt trom the laſt Centeſem ſo many Millions(or Thouſands) as the fame 


an 
100 Figure contains Units; this done, that ſhall be the Point where the 


Number propounded is repteſented on the Line of Numbers. 


to find the Point on the Line of Number that * 
| dh repreſent the ſame. 
Therefore according to the Rule, 1 being the firſt Figure of this 
Number, I take the Diviſion at the Figure t (in the middle of the Line) 
for the firſt Figure; then the ſecond Figure being 2, I count two tenthy 
trom that t, and that is the point repreſenting 13, where commonly 
there is a ſmall Braſs Center becauſe it is often in uſe- 
Suppoſe the Point repreſenting 44 were required: to be found on the 
| | 8 of Numbers | 

For the firſt Figure in the Number being 1, I take (as before) the 

middle 1 then for the ſecond Figure which is 4, I count 4 tenths on- 


ther, and that is the point repreſenting 14 

To find the point repreſenting 1738, fir (as before) for 1000 I taks 

1 in the middle of the Line ſecondly, for the ſecond. Figure being 15 
Ireckon 7 Tenrhs onwards, and that is 700 ; thirdly, for the thi 

s, which repre» 

th 20 and then laſtly, for 8 you may reaſonably eftimate 8 Mil- 

lions, or Thouſand parts, from the laſt two Centeſms, and that Point 

laſt 


dund will be the Point repreſenting the Number 1728. 


To find a Fraftion, or broken Number, on the Line of Numbers. _ 
The Fractions that are to be tound on the Line of Numbers, ought 


7 
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ther Inches, Feet, Varde, Perches, or of any other Denomination all 
other Fr muſt be reduced into Decimals ; and being thus confi» *© 
dered,' they are * as Whole Numbers upon the Line. 

Nite, It you call 1 at the beginning of the Line one tenth of any In- 
wartet, then 2 following muſt be 2 tenths, 3, 3 tenths, Cc. and the 1 
in the middle, one Integer ; 2, two Integers, Cc. and the 10 at the 
end muſt be 10 Integers, 

But if one at the beginning be one Integer, then one in the middle 
muſt be 10 Integers, and 10 at the farther end 100 Integers, and all the 

s ; and every longeſt Diviſion between, as 31, 22, 23, 24, 5 26, 

Ce. ſingle * and the ſhorteſt of choſe Diviſions, Tenths ot thofe 
Integers ; and ſo in Proportion, as 14, 1, 10, 100, 10, 100, 1000, 
100, 1000, 10000, Ce. s 


PR OB. I. Tue Numbers being given, to find a third in a Geometrical © 
Proportion, and to a third, * — and to a fourth a fifth, &c. 4 


Example. Let the two Numbers given be 2 and 4, unto which it is 
required to find a third Proportional, &c. Therefore for the perform - 
ance here f by the Line of Numbers, extend the Compaſſes from one 
of the Numbers given to the other; this done, it you apply the ſame 
extent either upwards or downwards from either of the Numbers pro- 
ded, the moveable point of the Compaſles will fall upon the third 
roportional required; and ſo the ſame extent being applied the ſame. ' 
way from the third, the moveable Point of the Compaſſes will fall upon 
he fourth Proportional, and from the fourth to a fifth, &c.. and: fo to 
more, as you pleaſe ; for it you extend the Compaſſes from 2 to 4, and 

m the Compaſſes upwards, with one Point reſting on 4, the moveable. 
Point will fall on 8, the third Proportional, and from 8 to 16, from 
to 32, from 32 ro 64, and ſo forward, _ Opp 


ROB. II. One Number being given. to be multiplied by another Number, 
to find the Product. $$ 

To reſolve this Queſtion Arithmetically, whether by Natural or Ar- 
Ificial Numbers, the Proportion is; As 1 to the Multiplicand, ſois the 
ultiplier to the Product. 8 * 
Example, Let the oa 45g $ be multiplied by 5*the Multiplier; 
ktend the Compaſſes on the Line of Numbers, from 4 to the Mul- 
plicand ; the ſame extent being applied the ſame way from the Mul- 
plier, will cauſe the moveable point to fall on the Product; for if you 
Mead the Compaſſes from 1 to 8, the ſame Extent the ſame way 
in reach from 3 to 40: And ſo.if you would now Multiply ay 
. i. | | umber 


o* 
> x © 


=_ 


dy 


© 
= * % 
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Number by 8, as the Compaſſes now ſtand, it is but placing one foot in 
any Number given, and the moveable Point will tall on the Produg, 
as if you place one foot in 9, the other will fall on 72, and ſo from 
it will fall in 64, and from 7 to 56, and from s to 48: The extent of 
the Compaſſes may be taken from 10 at the further end of the Line which 


vou may call 1. 


PRO B. III. One Number bring given to be divided by another Numle, 
to find the Quotient, 


For the Reſolution of this Problem, the Proportion is thus: As the 
Diviſor is to 1, ſo is the Dividend to the Quotient. 


Example. Let 40 be the Dividend and let the Diviſor be 8 : therefore 
extend the Compaſſes on the Line of Numbers from the Diviviſor 8 to 1; 
this done, the ſame extent the ſame way ſhall reach from the Dividend 
40 to the Quotient which is 5, | 
Another Example. Let 750 be a Number given, to be divided by 23 
therefore extend the Compaſſes downwards from 25 to 1, then apply: 
ing that extent the ſame way from 750, the moveable Point wil! fall ups 
on zo, which is the Quotient required. | 


Now to know of how many Figures a Quotient ought to conſi ſt. 


It wil) be neceſſary to obſerve how many times the Diviſor may b 
written under the Dividend, according to the Rules of Diviſion ; for d 
io many Figures ſhall the Quotient be compoſed. 

For Example: 12231 being given to be divided by 27, which ſai 
Number may be written, according to the Rules ot Diviſion, thm 
times under the Dividend: theretore the Quotient ſhall conſiſt of thre 
Figures, and ſo of any other. f 


PROB. IV. Three Numbers given, to find a fourth in a dire Proportin 
24 in the Rule of Three Diref, 

To reſolve this Problem, the Proportion is thus: As the firſt Numbe 
given is to the ſecond, ſo is the third Number to the fourth. 

To perform this on the Line of Numbers, you muſt extend the Cor 
paſſes from the firſt Number or Term given, to the ſecond ; which do 
that e tent being applied the ſame way from the third Term, will cal 
the moveable point to fall on the fourth Term required, 

Example If the Circumterence of a Circle whoſe Diameter is 7 
ches, be 22 Inches what Circumference will a Circle have, whoſe l 
ameter is x4 Inches? 1 ä | 

Therefore extend the Compaſſes in the Line of Numbers from 
the firſt part thereof, unto 14 in the ſecond z this dene, the ſame 7 


9 
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being applly'd the ſame way from a 2, will make the moveable point to 
fall upon 44 Inches, the Circumference required. 

Example 2 Let the Circumterence of a Circle be 22 Inches, and the 
Diameter thereof 7 Inches; how much ſhall the Diameter of a Circle 
be, whoſe Circumference is 44 Inches 

Extend the Compaſſes downwards from 22 in the ſecond part of the 
Line, to 7 in the firſt ; which done, that Fxtent being apply'd the ſame 
way from 44, will reach to 14, the Diameter ſought, 


PROB. V. Three Numbers given, to find a Fourth in an Inverſe Pe- 
portion (or in the backward Rule of Three.) 


To reſolve this Problem the Proportion is; As the third Number is 
to the ſecond, ſo is the firſt to the tourth. 
Erample, It 60 Men make a Trench in 45 Hours, in what time will 
40 Men make ſuch another? 
To perform this by the Line of Numbers, extend the Compaſles from 
the firſt of the Numbers given to the third, having both the ſame Deno- 
mination.: This done, if the Extent be apply d backward from the ſe- 
cond Number, the moveable point will fall upon the fourth Number 
required: So that if you extend the Compaſſes from 6o to 40, (thoſe 
erms being of the ſame Denomination, viz- of Men) this done, the 
Extent being apply d backward from 45, will reach ro 67.5, the fourth 
Number you look for. I conclude therefore, that 40 Men will perform 
zs much in 67 Hours and a half, as 6o Men will do in 45 Hours, 


PROB VI. Three Numbers given to find a 4th in a Duplicate Proportion 


The Ule of this Problem is in Proportion of Lines to Superficies, or 
ff Superficies to Lines. Now if the Denomination of the firſt and ſ:eond 
erms be of Lines, then extend the Compaſſes from the firſt Term to 
he third of the ſame Denomination ; this done, that Extent being 
pply twice the ſame way from the ſecond Term, the moveable point 
ill tay upon the fourth Term required. = 

A t+ If the Content of a Circle whoſe Diameter is 8 Inches, 
8 5 _ what will the Content of a Cirdle be, whole Diameter 
28 Inches | 

Here 14 and 28 having the fame Denomination. viz. of Lines, I ex- 
end the Compaſſes from 14 to 28; then applying that Extent the ſame 
may from 154 twice, the moveable point will fall on 616, the fourth 
roportlona he z that la, firſt, from 154 do 308, and from zo8 to 
1 t = ' 


TT De 
1 | b 
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But if the firſt and third Terms have the Denomination of Area's, ot 
Contents, and the Quaſitum be a Line, then extend the Compaſſes up- 
on the Line of Numbers, unto half the Diſtance between the firſt and 
third Term of the ſame Denomination, ſo the ſame Extent will reach 
from the ſecond Term given to the fourth required _ 
Example 2. If the Diameter of aCircle, whoſe Area is 154 Inches, be 
14 Inches, what Diameter will a Circle have, whoſe Area is 616 Inches 
Divide the Diſtance betwixt 154 and 616 into two equal Parts, they 
ſet one Foot in 14, the other ſhall reach to 28, the Diameter required. 


PROB. VII. Three Numbers given, te find a fourth in a Triplicate 
£, Proportion, 
The Uſe of this Problem conſiſteth in the Proportion of Lines and 
Solids, & contra. | | 
If therefore the firſt and third Terms have the Denomination of Line 
(as the. Diameters ot Spheres, or ſides of Solid Bodies) extend the 
Compaſſes upon the Line of Numbers, from the firſt Term to the 
third; this done, and that Extent apply'd three times the ſame way 
from the ſecond Term, will cauſe the moveable Point to fall upon the 
fourth Term required. | 
Example 1. It an Iron Buller, whoſe Diameter is 4 Inches, weigheth 
9 Pounds, what is the Weight of another Iron Bullet whoſe Diameter 
is 8 Inches? | 
Therefore extend the Compaſſes on the Line of Numhers trom 4 to 
8; and that Extent apply'd the ſame way three times from 9 the more 
able Point will. firſt fall upon 18, then from 18 to 36; and laſtly, fron 
36 to 72, the Weight required. 
But it two given Terms be Weight or Contents of Solids, and the 
Diameter of a Sphere, or Side of a Cube is ſought, then divide th 
ſpace between the two given Terms of the ſame |'enomination into 
three parts, and that Diſtance ſhall reach from the third to the fourth 
Proportional. 4 
Example, 2. If an Tron Bullet that weigheth 9 Pounds be 4 Inche 
Diameter, what Diameter ſhall the ſhot of Iron be, whoſe Weight is 71! 
Divide the Space between 9 and 72 into three parts, and that thitd 
part ſhall reach from 4 to 8, the Diameter required- 


PROB, VIIt. 76 fad the Syuare Root of any Number under 10000 


The Square Root of any Number is always the mean Proportion 
betwixt 1 and the Number propounded but yet Wich this Genet 
Caution, vis. If the Figures of the Number be even, that is, 3, 4, 6 
8, 10% Ce. Then you muſt look for the Unit, or One, at the begin nit 
of the Line of Numbers, oy the Number given in the ſecond part, 7 


U 
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the Root in the firſt part; or rather reckon 10 at the end to be the 
Unit, and then both Root and Square will fall backwards towards the 
middle, in the ſecond part of the Line; but if they be odd, then the 
middle one will be beſt to be counted the Unit, and poth Root and Square 
will be found trom thence forward towards 10; ſo that according to this 
Rule the Square Root of 9 will be found to be 3; the Square Root of 64, 
will be 8; the Square Root of 144, will be 12; the Square Root of 
1444, to be 383 the Square Root of 57600, to be 240. And to know how 
many Figures any Root ought to cenſiſt of, put a prick over the firſt 
Figure, the third, the fifth, @'c. beginning from the Right-hand, and as 
many pricks as are noted, ſo many Figures there muſt be in the Root. 


PROB. IX. To find the Cube Root of any Number under 100000000. 


The Cube Root is always the firſt of two Mean Proportionals, be- 
tween 1 and the Number given, and therefore will be found by di- 
viding the Space between them into three equal parts. And to find how 
many Figures will bein this Root, you muſt prick over the firſt Figure, 
the fourth, ſeventh, Cc. beginning at the Right Hand; and ſo many 
pricks as you find, ſo many Figures muſt be in the Root, which Root 
may be eaſily found, with theſe Cautions. 

1. If the laſt prick fall on the laſt Figure toward the Left- hand, then 
the Unit is beſt placed at 1 in the middle of the Line, and then the Cube 
and Root will both fall forwards towards 10 at the end of the Line. 

2. If the laſt Prick fall on the laſt Figure but one towards the Left- 
Hand, you may place the Unit at 1 in the beginning of the Line, and 
the Cube in the ſecond part of the Line, then will the Root be found in 
the firſt part of the Line. 

If the laſt Prick fall on the laſt Figure but two, then place the Unit 
at t at the end of the Line, and then the Cube and Root will both fall 
backward, and be found in the ſecond part of the Live of Numbers. 

Theſe Notes being abſerved, the Cube Root of 1728, will be found 
to be 12; and the Cube Root of 17576, will be 26 and the Cube 
Root of 438976, will be found 76 ; and the Cube Root of 8 130601, 
will be 201; the Cube Root of 1139625, will be 235, 


PROB, X. Hotv to work a Proportion in Sinet alone oy, three Hine being 
given, to find a forth Proportional, 


Example. As Sine 23% 45', to Sine 47 yo", fo li Sine 331% ton 

fourth Sine required. 
This Problem is wrought on the Line of Sines, as the fourth Problem 
ls 611 the Line of Numbers Take = Extent from the Sine 23% 45 
on 


the ſame way, from the Sine of 23 15, to the Sine of 48 50“, the 
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on the Line of Sines, to the Sine 47 30“; the ſame Extent ſhall reach 


fourth Sine required. | | 
PROB. XI. How to work a Proportion in Tangents alone; or, three Tau- 
gents being given, to find a fourth Proportional. 
Example 1. As Tangent 42 deg. 40 min. to Tangent 15 deg» 20 min 
ſo is Tanget 39 deg. 8 min. to the fourth Tangent required. 
This Problem is wrought on the Line of Tangents, as the former 
Problems on the Line of Sines- . 
Extend the Compaſſes on the Line ot Tangents, from the Tangent 
42 40 to the Tangent 15? 200, the ſame Extent ſhall reach the ſame 
way, from the Tangent 39˙ 87 to the Tangent 135 35 required, 
Example 2. As Tangent 145 58', to Tangent 39“ 15“; ſo is Tangent 


47* 18', to a fourth Tangent required. 
On the Line of Tangents, the Pangents above 455, increaſe from 43 


to 465, 47, 50?, 60, Ce. backwaads towards the beginning ot the 
Line: Therefore in working this Proportion, the ſame Extent that b 
reaches from 14 58', to 397 15', ſhall reach the con: rary way from F 


47* 18' to 73? 10', the fourth Tangent required. 
Example 3. As Tangent 22* 30“, to Tangent 37“ 20'; ſois Tangent 
42* 4o', to à fourth Tangent required. . | | 
The Extent from the Tangent 21 deg- 30 min. to the Tangent 3) 
20' it apply'd the ſame way, from Tangent 42 deg. 40 min will fall 
beyond 45 deg. at the end of the Line : Therefore to remedy this Incon- 
veniency, having the diſtance between Tangent 21 deg. 30 min, and 
Tangent 37 deg. 20 min place one point of your Compaſſes in the 
Tangent 45 deg and let the other point fall backwards towards the be- 
inning of the Line, and it will reſt on the Tangent 27 deg. 20 mit 
*his Point let remain fixed, and cloſe the other Point which ſands it 
45 deg. to the Tangent 42 deg. 40 min. then keeping this diſtance, place 
one point in Tangent 45 deg. the other will fall upon the Tangent 6 


deg. 45 min. required | | 
PROB. XII. How to work a Proportion in Sines and Tangent- together. 
Example 1. As Sine 235 30“, to Sine 37* 10; ſo is Tangent 19˙ 40, 


to a fourth Tangent required. 
The Extent on the Line of Sines from 22 deg, 30 min. to 37 deg» 10 


min, ſhall reach on the Tangents from 19 deg. 40 min. to 29 degy 1) 


min- required, 1 
Example 2. As Tangent Complement 60“ 13“, to Sine 36˙ 45% fo 


the Radius to a Tangent required, | 
8 Becaul 
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gecauſe there is a Tangent in the firſt place of the Proportion, and 
likewiſe a Tangent in the fourth, therefore this Proportion muſt be 
chang'd by putting Radius in the firſt Place: and inſtead of the Tangent 
Complement of the firſt Place, rake Tangent 60 deg. 15 min. (if it had 

been a Tangent, you muſt have taken the Tang. Comp.) and then the 
Proportion will remain thus: | 

As Radius to Sine 56" 45"; ſo is Tang. 60? 15' to the Tang. required 

The Extent from Radius, Sine 9o®, to the Sine 56* 45" on the Sines, 
ſhall reach from Tangent 60® 15' to Tangent 55 40 required- 

Example 3. As Radius to Tangent Complement 60? 157; ſo is Tan- 
gent 559 40' to a Sine required: 

This Proportion muſt be chang'd, becauſe there is Radius or Sine 
go deg. in the firſt Place, and a Sine required. Inſtead of the Tangent 
Complement 60˙ 15', cake the Tangent 6o deg. 15 min. and put Radius 
in the third Place, and ſo the Proportion tollows. | | 

As Tangent 60 deg. 15 min. to Tangent 55 deg. 40 min. ſo is Radius 
to the Sine ſought. Therefore the Extent from the Tangent 60 deg. 
15 min: to Tang. 55 deg. 40 min. ſhal! reach from Radius, or Sine 90 


deg to Sine 56e 45 required. | 
PROB. XIII. How to Werk Numbers and Sines together. 


Example. As 56 to 106 ; ſo is Sine 29? 30 to a Sine required. 
Extend the Compaſſes on the Line of Numbers, from 56 to 106, the 


ſame Fxtent ſhall reach the ſame = on the Line of Sines trom 29 dep. 
zo min. to 68 deg 30 min required. | 


PROB. XIV. How tn work by Numbers aud Tangents together. 


Example. As 202 to 52; ſo is Tangent 73* 52), to wag required, 

The Extent on the Line of Numbers, from 202 to 5 2, ſhould reach 
the ſame way on the Line of Tangents from 73 deg+ 52 min, to rhe 
Tangent required; but the Compaſſes ſo extended fall beyond the end 
of the Line, therefore this Defect muſt be remedy'd, as in the third Ex- 
anple, Problem XI. by placing the ſaid Extent in Tangent 45 deg. and 
letting the other point fall backwards in the Line, which being fixed, 
cloſe the other point to 73 deg. 52 min. and then placing your Com- 
paſles again in 45 deg. the moveable point ſhall fall on 41 deg. 49 min, 
the Tangent required, 
And in all Caſes in Navigation, or other Plain Triangles, where both 
Sides and Angles are Terms given or required ; it is beſt 10 extend de- 
tween the two given Terms chat fall in one Line, (whether Numbers, 


Si 
nes, or mn 2 3 Example, 


Y 
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Example: In Caſe 1. of Oblique Plain Triangles, the firſt and third 
Terms are Avgles, and a Side required, but on Guntey's Scale it is beſt 
to extend from Sine of ABC 45?, to Sine of BAC 33945; the ſame 
extent will reach from A C 40, to BC zr, on the Line of Numbers; 
which is the Side required. 

See the Uſe of the Meridian-line, and Equal Parts, in the Uſe of Mer- 

* cator's Chart. | 


a 
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8E Cr. III. An Advert iſemint concerning the Log Line, 
and Half Minute Glaſs, 


Seeing that the Manner of keeping a Reckoving of the Ship's Way 
(by our Engliſh Navigators) is commonly by the Log Line and Halt- 
Minute Glaſs, there ought to be greater Care had to the Truth of them, 
but it has been an ancient Cuſtom to meaſure ſeven Fathom between 
Knot and Knot upon the Log Line ; which way of meaſuring hath been 
grounded upon a mere Conjetture, that five of our Feet make a Pace 
and a thouſand ſuch Paces make a Mile, and (ixty ſuch Miles make « 
Degree, fo that 4 Negree ſhould contain zo 000 of our Feet, and one 
Mile (or Minute) 3000 Feet; and becauſe an Half minute of Time 
is the 110½% part of an Hour, the Log Line ſhould anſwer to that Pro- 
portion, and each Knot thereof be the 12½% part of a Mile, which le 
4t Feet and two thirds, between each Knot on the Log Line, 

But this erroneous Computation hath been ſufficiently refuted by 
Mr. Owghtred, Mr. Norwood and others 
Mr. Oughtred in his Cireles of Proportion, p 153, doth there propoſe 
66 } Statute Miles to anſwer to one Degree upon the Earth, each con- 
taining 5x80 Feet ſo that according to this Computation there 1s 

349800 feet in one Degree. | 
And Mr. Norwood, in his Seaman's Praftice, doth declare, That (by 
a worthy and commendable Experiment of his) he found a Degree 4 the 
Cirumference of the Earth and the Sea to contain 307200 of our EN 
Peet, But he further conſenteth, That becauſe the Ships May is more 
than doth really 8 the Log Liue, and becauſe it is more ſaſe to have 
the Reckoning to be ſomewhat before the Ship, togethe- with the Evenneſs of 
Numbers to allow but 360000 Feet to be one Degree, and conſequently 6000 
Feet to be one Minute, or the 6th part of a Degree (vulgarly called a Milt) 
which Number being divided by 120, giveth 0 Feet between Knot and Knot 01 
the Log-Line ; ſo that upon this ground, if a Ship runneth outone of thoſe 
Knots in a half Minute, ſhe runneth one Mil, (or the fixtieth part of 4 


Degree) in an Hour, or one League and one Mile in a Watch, or 4 Mis 
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Likewiſe Mr. Preart, has lately meaſured the length of one Degree 
in France» and finds it to contain 365 184 Engliſh Feet; nearly agreeing 
with Mr. Norwood Notwithſtanding theſe Experiments, ( rogether 
with the Conſent and Approbation of other accompliſhed Mathemati- 
cians in their Books of Navigation) have ſufficiently detected this Error, 
yet this Truth hath not had that Entertainment, as the Excellency there- 
of hath deſerved, becauſe Cuſtom hath ſo long prevailed againſt Reaſon. 

Mr. Norwood in his forementioned Book, hath aligned ſome Rea- 
ſons why he ſuppoſeth this Error hath been ſo long received and tol- 
erated : I ſhall torbear to mention them, referring you to the Book it 
ſelf, But I Chall aſſign one Reaſon more, which how obſerved from 
Experience, which I hope, will in ſome meaſure help to prove the 
Truth of Mr. Noywood's Experiment, and that the Log-line (as com- 
monly divided) may be proved to be too ſhort for true meaſure ! Fot 
I have obſerved, that it a Halt Minute Glaſs be made of its due length, 
m—_ the true Time, that then their Reckonings intolerably out 
run the Ship, and they cantinually complain, that thoſe Glaſles are too 
long! But if they have a Glaſs that is 5 Seconds ſhorter than true Time, 
they do reaſunably well agree with the Log-line in their Reckonings | 


R 


becauſe one Error doth ballanee another, vis. ſhort meaſure, and ſort 
tine Yet notwithſtanding this Concurtenee and Affinity between this 
Q 1.og-Line and fort Half minute Glase, it {4 apparent that they are both 
[[|rory, and therefore to be rejefted 1 For I (uppoſe it would quickly 
appear, that if the Log*Line were of Its due length and meaſure, / e. 


to Foot between each KRnat, and the Half minute Glaſs of its due 
length, according to true Time, there would be doubtleſs a greater 
— 1 eee of Truth, and Navigation be of more eer- 
kalnty than it 1s, 

80 that now it doth plainly appear, by this above mentioned Obſer» 
vation, that the Log line, ay cammonly divided, is too ſhort, accord- 
ing to Mr Noywood's Experiment, becauſe the neceſſity of keeping a 
Concurrence in the Reckonings, is by a Glaſs that is roo ſhort by ; Se- 
onds for the true time of halt a minute, or 3o ſeconds. 

But here I ſhall give you a Rule, to prove whether a Half-Minute 
laſs be of a true length or not; the way is generally approv'd to be ver 
rue, and what I have many times made Experience oh and can atte! 
It by my own knowledge. The Experiment is mentioned by Mr. Phillips, 
n his Advancement of Navigation, and is thus to be performed. 


An eaſy and exact Way to meaſure a Haf- Minute Glaſs, or any ſmall 

| Portion of Time. 
Take a Bullet of any Weight whatſoever, and make a faſt piece of 
hread or Silk to it, being 38 # Inches in length, from the Center of 
he Bullet unto the end of the Thread, where a Nooſe muſt be made 
4 py » ro f 


— 
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to hang it on a ſmall Pin, which is to be faſtned to any Place where the 
Bullet may ſwing freely, 
This Pendulum being thus prepared hang its Nooſe on the Pin, the 
Thread — exaRly 38 Inches between the Center of Gravity, and 
the Center of Motion each of the Swings of this Bullet (being either 
ſwift or low) ſhall be a true Second of Time, ſo that 60 of theſe Swing 
will be the true Length of a Minute, and 30 the true Length of hal! 
Minute, ſo by this ingenious Experiment you may know which of al 
your Hlalf-Minutes is a true Glaſs ! and if you have no Glaſs, you my 
meaſure any (mall Portion of Time by this Experiment ; for half a ft. 
cond of Time is diſcovered every time the Pendulum doth pals the bet. 
—— that is ſuppoſed to fall from the Pin whereon the Pendulyy 
oth hang. 

But it fe ould be objeAed, That at Sea, when the Ship ia thrown tg 
and again by the Violence thereof, that then the Vidrartonr of the I 
= may by that means be obſtructed, and ſo the Swings to be ut 
certain. 

A Remedy there is found againſt this Objetion, by making th 
Thread 7 Inches ſhorter, and thereto make a ſmall Knot, which Kug 
you are to hold between your Finger and Thumb, and then with th 
motion of your Hand to cauſe the Bullet always to aſcend to an Angl 
of do Degrees (from the Perpendicular) and fo ſhall each Swing be . 
quivalent to thoſe before ; ſo that it a Ship be toſſed by the Violen 
of the Sea, yet a Man may make a ſhift to try this Experiment, and t 
- meaſure a true Half Minute of Time without the help of a Glaſs, 


Sgr. IV. The Deſcription and Uſe of the Plan- Chart. 


N the middle is a Center, upon which there is an occult Circle de 
1 ſcribed, which is divided into 32 parts or points; by which ar 
drawn ſeveral Lines quite through the Chart, repreſenting the Rhombs 
or Points of the Compaſs, and upon theſe Lines are other Circles de 
ſcribed, and Rhomb-lines drawn, parallel to the former. 

Then is the form of the Land pourtrayed upon it, and alſo a Scaled 
Leagues to meaſure the Diſtances of Places, | | 

There is alſo a Meridional Line equally divided upon the Chart, hic 
diſcovereth the Latitude of any Place, The ſeveral Uſes follow. 


1. To find the Latitude of any Place upon the Chart, 


Take your Compaſſes, and ſet one foot in the place required, and er 
tend the other foot to the neareſt Diſtance of an Eaſt and Weſt Line 


and note where that Line 21 cut the Meridian- line, (that is 4 


of the Place required. 


It the Diſtance required be lets than the len 
our Compaſſes, and ſet one foot in one of t 


of 


the two Places. 


feat, you muſt turn the Diſtance between t 


falls out that the laſt . — doth fall over the ſecond 
then, from the laſt pl 


ſequently the Diltance require 


it is they bear one from another. 


bearing the one from the other. 
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into Degrees) then ſet one foot where it interlects the Meridian-line, 
and the other foot wilt reach upon the Meridian line, to the Latitude 


2. To find the Diſtance of one Place from another. 


geh of the Scale, then take 
e Places, an 

foot in the other place, then with the Extent between your Compaſſes 
lied to your Scale of Leagues, will give the meaſure of the Diltance 


thrice, of oftner, until you come to the other Place "" 


4. To keep a Reckoning of a whole Voyage upon the Chart. | 
Firſt, It is to be underſtood, that you are to keep a Reckoning 
of every Day's Work, either by the Tables, or your Inſtruments (as 
you are before taught) or any other Way neceſſary for ſuch a Purpoſe , 
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the other 


But if the Diſtance between the two Places be greater than the length 
of the Scale, then firſt extend your Compaſſes upon the Scale to the 
whole Length thereof, and with that Extent ſet one toot in one of the 
Places required, then direct the other foot towards the other Place by 
the help of 4 Scale or Ruler, in a Right line, and if the Diſtance be 
l he Compaſles over twice, 
Ured, and If le 
L lace, you muſt 
where the Compaſles ſtayed, draw in the other 
int, until it touch in the Place required, and meaſure that upon the 
ale of Leagues As ſuppoſe your Scale were an hundred Leagues; 
and it you turn your Compaſſes two or three times over, then is the 
Diltance ſo many hundred Leagues, and that ſmall Diſtance more, which 
being meaſured upon the _ it giveth the odd Leagues, and ſo con- 


3. To find upon what Point of the Compaſs one Place beareth from another, 


If from the two Places propounded, there be a Rhomb- line that lieth 
directly from Place to Place, then there is no more trouble in it, but to 
look upon the ſmall Compaſs upon the Chart, and ſce upon whatRhomb 


But in caſe a Rhomb-line doth not lie directly from one Place ro the 
other, then extend your Compaſſes from the firſt Place in the neareſt 
Diſtance to the nextRhomb line that you imagine in your Judgment lieth 
neareſt a Parallel from Place to Place, and upon that Rhomb' line run your 
Compaſſes along, till the other Point (being at Right-Angles with it) 
doth reach the other Place, and that Rhomb- line is the true point ot 


and 
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and alſo to eaſt up all your Traverſes for one or more Days: And then 
after you have ſo done, and brought it to the neareſt Truth you can, 
either by Obſervation or otherwiſe, then you are ta ſer off your Work 
upon your Chart, ſo that the Place where your Ship is, may appear 
to your Eye for the Satisfaction of your Mind, and for the Information 
ot your Judgment. 5 

As ſuppoſe that you ſail from the Lizard South-weſtwards ; then 
from that very time you begin to keep your Reckoning of your ſeye- 
ral Courſes, and Diſtances, until you have ſome convenient time to 
caſt up all your Work, to find the Difference of Latitude, and your 
Departute from the Meridian of the Lizard. The Difference of Lati. 
tude we will ſuppoſe to be 3 deg. and the Departure to be 30 League, 
which 3 deg. you muſt ſubſtract from the Latitude of the Lizard, which 
we ſuppoſe to be 49 56' North; fo that the Latitude the Ship is now 
in, is 465 56', and 30 Leagues to the Weſtward, 

Therefore to ſet the place ot your Ship upon pou Chart you muf 
uſe two pair of Plat Compaſſes; with one pair take the extent between 
the Latitude of 49* 36“ and 46* 56', and ſet one point of your Com- 
paſſes in the Lizard, and extend rhe other point towards the ſecond 

lace, but ſo that your Compaſles may ſtand parallel to a North and 

outh Line, which may be eaſily found with the other pair of Com. 
paſſes, by trying whether the Legs be equi-diſtant from the next North 
and South Line This done keep one foot of your Compaſſes in that 
point, and with the other pair take the Departure 730 Leagues, from 
the Scale of Leagues: then interchange your Compaſles, 1 acing theſe 
laſt pair in the, Point where the other pair Rood ; (et this my 10 
Leagues to the Weſtward, and ſo that your Compaſſes may ſtand par! 
lel to an Eaſt and Weſt Line, which you may try as is ſaid before. The 
ſecond point thus found upon the Chart, is the place of the Ship (ac 
cording to your Rechoning) which was required, 


St CT, V. The Project ion and Uſe 0 the true Chart, com- 
monly called Mercator's Chart, 


Although this Chart is projected _ a Plain, and the Meridians do 
rot incline together, and at laſt interſect each other as they do upon the 
Globe ; yet (the Meridians being parallel to each other) the parallels of 
Latitude are contrived ſo at unequal: Diſtances, that in this Projection 
the Rhombs are Right-lines, and the Degrees of Longitude bear the 
ſame Proportion, to the Degrees of Latitude in any Parallel, that they 
do upon the Globe; aud for the projecting it in this manner, ſerves the 
Meridian-line, with the Line of Equal Parts (the two lowelt Lines vp 


on Gunter's Scale) epeſcially for a Loa Chart ; for if you would me e 
a Chart 


of Mercator's-Charr. it ; 
a Chart to repreſent one half of the Globe, or near it \ you cannot 
no quite to the Poles, becauſe there the quantity of one Degree of La- 
tit 


ude is infinite) provide a ſheet of Paper, as broad as almoſt the length 
ot the Scale, viz. that a line drawn croſs the middle of it, may con- 


- tain 180 Equal Parts; this line ſo drawn and graduated, ſhall repreſent 


the Equinoctial; and theſe Diviſions are 180 Degrees of Longitude. 
Let the length of your Paper be equal to twice its breadth, draw 
lines along each edge of it, at Right — with the Equinoctial, and 
at each end of the 180 Degrees, let theſe lines be graduated upwards and 
downwards, from the Equinoctial, by the Diviſions on the Meridian- 
line: {o ſhall you have above 85 Degrees of Latitude, on each (ide of 
the EquinoRial z then draw lines at every 10 Degreees of theſe unequal 
Diviſions of Latitude parallel to the EquinoRial, and likewiſe draw 
lines at each zo Degrees of the Equinoctial and perpendicular to it, 
ſo will your Meridians laſt drawn interſect the Parallels firſt drawn in e- 
very to Degrees of Latitude and Longitude : And then for laying down 
any given Place, whole Latitude and Longitude is known, take a pair of 
Compaſles, and with one foot in the Latitude of the Place on the gra- 
duated Meridian, extend the other foot to the neareſt Parallel or Eaſt 
and Weſt line, and [there let them remain; then with another pair of 
Compaſles, and one foot in the Longitude of the place upon the Equl- 
noctial, extend the other to the neareſt Meridian or North and South 
line ; than running each pair of Compaſſes along their reſpective lines 
towards each other, the moveable Points will meet in the given Longi» 
tude and Laticude, or Point where the Place given is to be laid down, 
and by two ſuch Charts as theſe (which together will make a perfe& 
Square) you may repreſent all the Superficies of the Earth, except about 
Degrees of Latitude under each Pole, 

But becuaſe theſe Graduations are too ſmall for a Chart for a partleu- 
lar Voyage except at a ſgreat diſtance) we ſhall rather recommend the 
uſe of the Table of Meridional Parts, which we ſhall illuſtrate in the 
lollowing Example, 

Suppoſe a Ship at the Lizard, in Latitude 49* 55' North, bound for 
—_ in Latit. 17 oo' North, Difference of Longitude 54* 07' Weſt 
and it is required to make a Mercator's-Chayt for this N 

: Plate 6, 

Take ſa ſheet of ſtrong Writing-Paper, as large as you intend your 
Chart ſhall be, multiply your Difference of Longitude 54* by 60. and 
the Product 3 240, is the Difference of Longitude in Minutes i and the 
Metidional Difference of Latitude is 2471; then chuſe ſome Scale of E- 
qual Parts, of which $340 may be the breadth, and 3471 the length, 
or depth; with a convenient & ** for Rulog, or what you t _ 
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fit 16 draw for Ornament abeut the out fide of It i then towards the 
Nerth-eaſt earner, beeaule your-Courſe is Seuth Weſterly, aflirme a Point 
as at L, 10 reprefent the Tard, and draw En, upen which (et thy 
Meridi9nal Difterence of Latitude frem L te h, and frem n draw the 
line n M, and thereupen fet the Difference of Longitude from n to M, 
then is Eu 3471, the Meridienal Difference of Latitude, and nM 3 349 
te Diff, Longitude , and becauſe it will teg much confuſe the Draughs 
to incert Meridians and Parallels to every Degree, we ſhall only draw 
them for every other Degree of Latitude and Longitude 1 and firſt for 
the Parallels of Latitude; the Meridional Diff, Latitude between Lat. 50 
and Late 48 is 183; which ſet on the line Ln from L to 48, and draw 
the line 48.48 pararallel to nM, and thus find the Meridional Diffe- 


+ rence of Latitude between Latit. 50 and Latit. 46, which is 359 ; ſer 


that from L to 46, and draw the line 46.46, and ſo for the reſt of the 
Parallels of Latitude And then for the Degrees ot Longitude, which 
in theſe Charts are parallel and equi-diſtant, take 120 of the ſame Equal 
parts, and ſet from n to 2, and from 2 to 4, and from 4 to 6, Cc. be- 
cauſe you mark but every other Degree, and draw the Meridians, 2, 2. 
4, 4. Cc parallel to Ln, and then if any Headlands or Iſlands, Cc. fall 
in this Chart you may by the Directions given in the making of a Gene- 
ral Chart, lay them down in their proper places. 

Example. J deſire to lay down the Iſland of St. Michael in Latitude 

8 oo' North, and Longitude 17 18“ Weſt from the Lizard ; I ſet one 
foot of the Compaſſes in Longitude 17* 18', and extend the other to 

the next Meridian, which is 189, and running one foot along the Meri- 
dian of 18* : T obſerve where the other cuts the Latitude of 38® (which 
in this Chart is a Parallel drawn) and there is the Iſland of St. Michael, 
&c. and in this manner you may lay down any Iſland or Head-land, as 
Madera, and Teneriff, &c. a'{o the Capes or Principal Places on the Coaſt 
of Africa may be thus found, and the form of the Land drawn from 
Place to Place as you may ſee in this Example. 

Now to find the Diſtance between any two Places, you have a Scale 
of Engliſh Leagues, fitted to all the Latitudes in the Chart, viz, from 
15 to 50 Degrees of Latitude as you fee the lines numbred up each fide, 
the lines that go from top to bottom, interſecting the Parallels of Lati- 
tude at every 10 Leagues ſo that cach Parallel contains too leagues in 
the Latitude that the Parallel is numbred with. 

Example, I defire to know the Diſtance between the Iſland Tenerif 
and Cape Bajador, on the Coaſt of Africa; I extend the Compaſſes from 
one place to the other, and applying that Extent to the Scale upon the 


Patallel ot 28, 1 find it is 56 leagues, 
Again 


F Mereator 7. Chart. it 
Agaln, if you would lay down any Courfe and Diftanee er Traverfy 
I's NIN. ſame aid n more trouble than upon the Plain Chart 


46 for In ſtanee | 

A Ship at the Liard, bound fer Midera, fhe fails Beuth y 3 Degrees, 
Welt 160 Leagues; and then 8 8, W. the fame Diftanee, and 8, J. R. 
466 Leagues mere] and then again 8.8: W. tee Leagues Hut having 

ng Obſervation, and fuppoſing himfelf te be gear the 17— of the 

Iſſand, he ſteer d Weſt 56 leagues, but made ne Land ; demand hew 
the Iſland bears frem him, and at what Diſtance, 

Here you (ail from Latitude 4g 1 and ſteer to the Seuthward, 
and may foreſey that Latitude 48” will be nearelt the middle Latitude 

ou ſail through (for you need not regard Minutes nor Halt-degrees in 
this Caſe) theretore take 100 leagues from the Parallel of 48 deg. in the 
Scale, and ſet from L to g South 5 2 deg. Weſt, Then from the Paral- 
el of 45, the next middle Latitude, take 100 leagues, and ſet S. S. W. 
fromg to hz and from the Parallel of 40, ſet 1c leagves, from h to k, 
and from the Parallel of 35 ſet roo leagues from k to m, which brings 
the Ship to Latitude 33 deg neareſt ; therefore trom the Parallel of 33 
take oft 70 leagues, and ſer Weſt from m to d: And thus you may — 
the Longitudes and Latitudes you came thtoꝰ, and where you are now 
arrived, which is in Latitude 325 59“, and Longitude Weſt from the 
Lizard 12 36“, as the Chart plainly dilcovers without any other Ope- 
ration. ä 

Now if you would prove the Truth hereof you may find the Diſſe- 
rence of Latitude and Departure for the ſeveral Courſes; and reduce 
them all to one, as you are taught in the Uſe of the Traverſe-Table, 
and you will find the Difference of Latitude 16* 56', which ſubtracted 
from 49? 55' the Latitude ſailed from leaves 32* 59' the Latitude come 
to. The Meridional Difference of Latitude is 1369, Then, As Diff. 
Lat. 1016, to Merid Diff Lat 1369; So Departure which you will 
find to be 561, To Diff. Long. 756' or 12? 36', as before, and Courſe 
to Weſt end of Madera SE. by S. 4 S. fere, 16 leagues: 


How to make the Sca e for the Mercator's Chart (ſuppoſe of 100 Leaguet, 
nat in this Example.) ; 


\ Firſt, find the length of 100 leagues in the leaſt Latitude (which 

here is 14) thus, As Sine Comp» Lat. 145, To Radius; So is 300 Miles 
(the length of your Scale) To 309 or 5” o, which taken oft the gra- 

duated line of Longitude, let it be the length of the loweſt line of the 

Scale PQ, upon the middle of which line li 50) raiſe the Perpendicu= 

lar 50-50, ſubtra& the Natural Secant of the leaſt Latitude 14 from 

the Natural Secant of the 1 Latitude 50%, and the Remainder 

| 1 2 7151 
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5354 taken (rom a Scale of Equal Parts, for from yo to yo upwards up 
on the foreſaid Perpendicular ; and: through ye draw the uppermoſt ling 
at Right Angles with the Perpendicular, and Parallel ro the bottom 
line PQ, that line repreſents the Parallel of 30%. Then having tound 
by the foregoing Proportion the length of 100 leagues, in Latitude 
50˙:* which is 467', or 7? 47'; take half thereof, viz. 3* 53'! trom 
the graduated line of Longitude, and ſet it both ways upon the foreſaid 
Parallel of 50 from the middle of the line (where it is cut by the Per- 
pendicular) to each end; ſo ſhall the diſtance between thoſe two Marks 
be the Mcaſure of 100 leagues in Lat 50%. Then from the Extremities 
of the top and bottom lines, draw the Side lines, 50 P and 50 C. 
No to find the intermediate Parallels, ſubtract the Natural Secant of 
the leaſt Lattitude 14, from the Natural Secant of each greater Latitude 
as 15, 16, 17, Cc to 50 the ſeveral Remainders taken in your Com- 
paſſes from the ſame Scale of Equal Parts, by which you meaſured the 
middle Perpendicular line, and ſet upon the ſame line from the line 
P Q upwards ſhail determine the Points in that line through whick the 
ſeveral Paarallels muſt paſs; therefore through theſe Marks draw lines 

arallel to the line PQ, they repreſent the ſevera) Parallels required, 
Then divide the uppermoſt and loweſt Parallel each into 100 equal Parts, 
marking them both with 10, 20, 30, Cc. and between thoſe Diviſions 
marked with the ſame Number, on each line, draw ſtraight lines thto 
the Scale; theſe lines will alſo divide each Parallel into 100 equal Parts 
or leagues, upon which you may meaſure your Diſtance in any Parallel 
as before is taught. 


To make it Geometrically. 


Take zoo miles (the length of the Scale) off the degrees of Longitude, 
which is 5 degrees at 60 miles to a degree, which in this Caſe you al- 
ways allow) and with that Extent ſweep a half Circle, as you ſee in the 
fourth Figure in the Uſe of the Plaine Hale in this Chapter, Ses 1. and 
upon the end of the Diameter AB as at B, erect the Perpendicular BT; 
then from the Center C, and through the given Degree of Latitude up- 
01 the Periphery of the Circle draw a line to cut the aforeſaid Per- 

endteular 4; that line applied to the Seale ſhall be the length of 166 

e hes, in that Degree of Latitude through which it was drawn. 

e the leg of dy Numper of ledgtiies in any Latfttide, (5 10 
ore but the Seeant of the Latitide ts 4 Radiiis, eonfiing of the 
me Qui ih! of . take * Hye Equlnectlal allowing 46 feat 

(ot 66 Miles) te & Ne x; by this Beale thus Made; if you tale 

6ff 169 leag ies iy th fall 

than the Middle Latitude of the 


. 


def: (the nent Whele Degree greatet 
Wa een Fer Ft 
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Line L M, the diſtance from the Lizard to Auges, will be found to 

be 1098 Leagues and the Arch a b ſhews the Courſe South 1; 10 

Weſt, or South Weſt almoſt ! Weſt ; both which are ſufficiently exact. 

But if yo do not make your own Charts, nor cannot buy thoſe that have 

uch Scales in them, then with reſpe& to the common Mercator's-Charts, 
obſerve the following Directions. 


1. To find the Latitude of any Place in theſe Charts. 


This Operation upon theſe Charts is in all reſpects like that which has 
already been delivered fot the {ame Purpoſe, in the Uſe of the plain Sea 
Chart for if you ſet one point of your Compaſſes in the place whoſe La- 
titude is required, and open them in the ſhorteſt Diſtance to the next 
Eaſt and Welt line, obſerving where it interſects the graduated Meridian, 
and then place one point in that Interſection, turning your Compaſles 
upwards or downwards, according as the Place lies, from the Eaſt and 
Weſt line, and the moveable point ſhall ſhew upon the ſaid Meridian 
the Latitude of the Place required. : 

Suppoſe the Latitude of Uhant were required by this Chart. 

If you take the neareſt Extent to an Eaſt and Well line, and place that 
Diſtance from the Interſection on the graduated Meridian, as is before 
directed, you will find the Latitude of ant to be 48 deg- 30 min. 
Northerly. | a 


2. To find the Longitude of a Place, and conſequently the Difference of Lon- 
gitude in Degrees, between any two Places, ſcituate upon the Chart, 


To find the Longitude of any Place upon the Chart, ſet one point of 
your Compaſſes in the ſaid Place, and take the neareſt Diſtance to the 
text Northland South Line, and robſerve where this line interſects the 


«> os F&* aawov p wo ww 


DD ro - 


1 Equinoctial ; and keeping the ſame Extent in your Compaſles, place one 

N polnt in the interſe&ion and turning the Compaſles the ſame way that 

ie 

i the Place, whoſe Longitude is ſought, lies from the North and South 

7 12 the 1 — reſting in the Equinoctlal, will ſhew the Lon- 
gitu ere U re U | 

. Suppoſe the Longitude of Barbadver were required. 


If you place the polnt ot your Compaſſes in the Ilgnd of Barbs 
in this Chart, and take the (hotteſt Extent to the text North and Bod 
live, plaelhy the ſame at the Interſectlont * e Equlnoetiah 45 (3 dlrec 
&d, you Will Re ne ngſtuche of Harte th be in theſe Charts 48% 
64" from er. But t Cong 6 ot Plates ng Various, Arcor 
ts the Place from Whenee t begun, ſome reckening [1 45 Wund 
om — ern the ehlef Nane will y' 10 find the Difference et 
Lengitude Between any WWOrPlaces 3 Which is Ms ie perfotines by 
5 


. 
4 
4 
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When you have found the Longitude of the two Places, if they hay 
5 the ſame Name, their Difference, but if of contrary Names, their Sun 
: is the Difference of Longitude between the two Places. 

Suppoſe the two Places were the Lizard in the Longitude 5 14' Welt 
and Barbadoes in the Longitude 58“ 03' W. ſubtracting 5* 14' fron 
58 03', the Remainder 52* 49 is the Difference of Longitude, 

. | Again, Suppoſe the two Places were the Lizard, as before, and 
1 St. Thomas's Ile in the Longitude 9? 58' Eaſt, Add 5 14 to 9 58 
the Sum will be 15? 127, the Difference of Longitude between the two 
given Places. 


3. To know how one Place bears from another. 


For the performance of this Problem, lay the Edge of a Ruler fron 
one Place to another, and with a pair of Compaſles try which of the 
Rhomb lines the edge of the Ruler is the neareſt Parallel ; which being 
found, that ſheweth the point of the Compaſs the two places bear one 
from another. 

Suppoſe the Bearing of Barbadves from the Lizard were required. 

Therefore lay the edge of the Ruler upon both Places, and you wil 
find, that South Weſt halt a Point Weſterly, is the neareſt Parallel theret, 
which is the Bearing of Barbadver from the Lizard, and the oppoſit 
point North Eaſt half Eaſt, the Bearing of the Lizard from Bavbadee: 


4. To find the Diſtance of two Placer up Mercator'r-Chart, 


It both Places be in one and the ſame Latitude, take with yourCom 
aſſes the length of a degree of the Meridian at that Latitude, (taking 
alf the degree above, and half beneath the Latitude) for lo oft as 50 

hall find that length between the two Places, ſo many times 20 League 

are there betwixt them; but it the Diſtance be great, for Expedition 

ou make five times the length of that degree, and counting it for 190 
eagues, proceed as before, 

Suppoſe the Diſtance were requited between the point of tan and 

* „tn In Newsfonnd-land : 
he Diſtance taken as before about the Latitude of 49, you will fi 
It to be geg 1 .— 
But if two Places have not the ſame Latitude, the EquinoQ/al 16 
_ eoming between them, ſubtra& the leſſer Latitude our of the great! 
but if the Equinoctlal cometh between them, add both Latitudes tofb 
ther, ſo have you the difference of Latitude between bath Places: 
Now it both Places have the ſame Longitude, ſo many Degrees # 
there are in the Difference of Latitude, ſo many times 20 Leagues 1s" 
Diſtance, BY 
| ah 


* 
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* 

But if the Places differ both in Latitude and Longitude, then look 
how many Degrees the Difference of Latitude contains, ſo many De- 
grees of the Equinoctial take between your Compaſſes; then lay a Ru- 
Jer to both Places whoſe diſtance you ſeek, and obſerve where the Ru- 
er croſſes the Equinoctial or ſome other Eaſt and Weſt Line, (or Paral- 
lel of Latitude) and leading one foot on the Equinoctial or other Paral- 
lel, move torwards the other alſo Parallel-wiſe, keeping always that 
Viſtance, till it croſs the Rhomb of thoſe two Places, in ſuch ſort, that 
one foot reſting by the Edge of the Ruler, the other carried about, may 
but only touch the Equinoctial, or other Parallel cut by the Edge of 
the Ruler; then take with your Compaſles the Segment, or part of 
that Rbhomb between that Place and the croſſing ot the Equinoctial or 
darallcl, which meaſure in the Equinoctial, and fee how many Degrees 
te contained between them, ſo many times 20 Leagues is the Diſtance 
of thoſe two Places. 

Ur, if that Segment of the ſaid Rhomb be greater than can well be 
aken with the Compaſſes, take the length ot 5 Degrees of the Equi- 
oftial between your Compaſles, and look how oft you can find that. 
ength in the Segment of the Rhomb aforeſaid, for ſo many hundred 
eagues is the Diſtance of thoſe two Places, 

It the Diſtance from the Lizard to Barbadves were required, the 
diflerence of Latitude between thoſe Places is 36* 4% therefore take 
6* 45) rom the Equinoctial, and laying a Ruler over both Places un- 
| it will croſs ſome Parallel of Latitude: then keeping this Diſtance 


oft 

* f Degrees in your Compatles, apply one Point to the edge of the Ruler, 
yol WP that the other Point may but # i touch the Parallel erolled by the 
der the Segment of the Rhomb between the Point where the Come: 


ſes lay, and.the Interlection by the Ruler and Parallel of Latitude, 

eaſured by the Degrees of the Equinoctlal, gives the Diſtance about 

140 Leagues, which was required t But if your Chart have ſuch a 

ale to it as we have juſt now Deſctibed, you may ſave all this trouble 
d take oll your Diſtance at one Extent, as you ate already taught 1 


There it nothing elſe that will be of any Di iu i the emen 
this Chart, f theſe Plain Direttrons be Hnderſloods FE 


Em nrnm———_ — 


Ser, VI» The Deſeription 4nd Uſe of the Globes, 


A there are two ſorts, one is Terreſtrial, and the other 
. ; 

The Terreftrial hath on the Swperfſcies of the Body pourtrayed and de- 
bed the whale Form and Faſhion of the Earth and Sea, with the Cir- 
$ of the Sphere, as Colures, EquinoQial, Tropicks, &.. The 


n 
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The Cælectial Globe hath on it its Surface the Conſtellations of M the 
known Stars in the Heavens, placed in their Latitudes and Longicudeg, 
Right Aſcenſions, and Declinations, drawn into ſeveral Images and Fj. 
gures, according to the Fictions of the Ancients, with the Circles of the 
dpliere, as in the Terreſtrial Globe. 


Geographical Definitions neceſſary to be underſtood 


De ,in. I. The Globe of the Earth is a Spherical Body, compoſed gf 
Earth and Water, and is divided into Continetits, Iſlands and Seas. 

II. A Continent is a great quantity of Land, not divided nor ſeperated 
by the Sea, wherein are many Kingdoms and Principalities ; as Europs, 
Ala, and Africa, are one Continent, and America is another. 

III. An Idand is ſuch a part of the Earth that is invironed round with 


q Water ; as the Iſland ot England and Scotland, and alſo Ireland, the Iſt 


of gt, Barbados, &c. | 
IV. A Peninſula is ſuch a part of Land as is almoſt encompaſſed about 


with Water, and is only joyned with the Land by an Ifbmus ; ſuch i 
that greac part of Land in America, called Peruviana, and Morea in thi 


Levant 


V An hun- is a narrow Neck of Land which joineth the Peninſull 


to the Continent, 
VI. A Promontory is fome high Mountain, of great Cape of Land 


that . it ſelt into the Sca z as Cape Hon Eſperance, of Cape 4 
rien. ö 


Verde (a 
VII. The Ocean i« a general Colle ctlon of the Waters, which (except 


where the Land lies above it) etvironeth the Earth on every (ide, 


VIII, The Sea is part of the Ocean, to which we cannot come 
thro! fome Strait, as the Med/terranean and Baltich Sea. | 

IX. A Kiran is a part of the Ocean, reſtrained within narrow Bound 
and _ 4 way to the Sea 1 as the Sat; of Gibralter that leads 
into the Mediterranean, and the Sound that leadeth into the Ba/r/eh Bt 

X. A Creek is a ſmall narrow part of the Sea, or Rivers that go up vi 
little way into the Land, 
XI. A Bayis a great Inlet of the Land, as the Bay of Biſcay 
the Bay of Vexico, * 

XII, A Gulphis a great Inlet of the Land, deeper than a Bay ; (6 

is the Gulph of Venice, and the Gulph of Florida. | 

XIII. A climate is a certain ſpace of Earth and Sea, that is includ 

within the ſpace of two Parallels; and of them there have been anciel 


p accounted ſeven. 
D 1. Dia Meroes, 2. Dia Syne rs 3. Dia Alexandria 4. Dia R 
. Dia Rhomes: 6, Dia Heriſtbenet. 7. Dia Ripheve, But now th 
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The Diviſion of the Earthly Globe. 


gre 34 en each ſide of the Equator being Illmited by every half Hours In- 
iereaſe of the Duy 4 beginning at the Equator, and ending where the 
0 


longeſt Day is 24 Hours, 
Av. A Zone is certain ſpace of the Earth, contained between cer- 


tain Circles of the Sphere, and are thus divided! 
The Earth is divided into five Tones, vis, one Torrid or Burning 
| Zone, two Temperate, and two Frozen Zones. 

The 11 orid Zone is that which is on each fide the Equinoctial, boun- 
died by the Tropicks of Cancer and Capricorn: 
The two Temperate Zones are contained between each Tropick, and 
the Polar Circles, 

The two Frigid or Frozen Zones; are contained between each Polar 
Circle and their reſpective Poles. 


The Globe of the Earth is divided into theſe four Parts, Nix. S.. 
EUROPE, 14 AFRICA, ** 
ASIA, | AMERICA, "0 
EUROPE, is bounded from Africa by the Mediterranean Sea, n 
the Eaſt with the River Tanait, and on the Wel with the Weltern O- 
2 cean ; and containeth theſe Provinces. = > « 
Germany, Spain, Sweedland, Hungary, ; 
Hal), Denmark, Muſcovy, Sclaveny, 3 
France, Norway, Poland, Greece, 9 
Portugal, Romania, P. of Tartary, Dalmatia. 
The Principal Iſlands are, 35 
Great Britain, Candia, Sardina, Cyprus, — 
lreland, Scilly, © Corfica. EX? 3 
451A is bounded on the North with the Northern Ocean, and on 
the South with the Red Sea: on the Eaſt with the Eaſt Indian Ocean. 
and on the Weſt with the Flood Tanair. Nan: 
6 The Principal Regions are, IF 
Anatolia, 40 Aſſyria, Perſia, China, 
Syria, Arabia, eſopotamia, Mogul, India, and the 2 
Paleſtine . Georgia, Chaldta, Tartaria, Iſlands thereof. 


io] 


A FRIC 4, is bounded on the Eaſt with the Red Sea, on the Weſt 


with the At/antick Ocean, on the South with the Southern Ocean, and 


on the North with the Mediterranean Sea. 
| The Provinces ate, 


pt, Bar bary, :. hiopia n 1 
Abyſſines, Monomotapa, Nubia, | 
The Principal lilands are, "IPO 
, Madagaſcar, or St. Laurence, St, Thomas, Cape de Verde, 
The Canary Illands, N he Madera Iſlands, Iſlands. 
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194 The Diviſion of the Earthly Globe, 
AMERICA is bounded on the Eaſt with the Atlawtich Ocean. 
on the Weſt with the Pacifick South Sea, on the North with the Northern 


Ocean, and on the South with the Magelanick Sa. 


It conſiſts of two, viz. North and South Am 
The Provinces of North America are, 


e 


New France, Nou Jerſey, Carolina, 
New England, Maryland, Terra Florida, : 
Penſylvania, Virginia, Mexico, or New Spain, 
And Greenland, not yet fully diſcovered, 
| The chief Iſlands are, 
Tſeland, Hiſpaniola, Jamaica, 
Greenland, Cuba, - New-found»land. 
California, Porto Rico, Barbadoes, and the reſt of the Caribbe- 
Iſlands. 
| The Provinces of South America are, 
| Brazil, Chili, Amazones, Magelanick-Land, 
Terra Firma, Peru, Paragua, Guinea: 


One Iſland, Terra del Fuego. 


The Names of the Seas in ſeveral Parts of the World. 
May del Nort, Narrow Sea, Mediterranean Sea, Mare Majore, Mare Pa- 
eificum, Mare Caſpium, Eaſt Indian Sea, Perfian Sea, Red Sea, 
The Names and Numbers of the ores each Conſtellation on the Caleſlial 


Northern Conſtellations are 23, viz. 


1 Urſa yer, 7 | 14 Serpeytarius 
2s Urja Minor, 27 | 14 Kerpen 
n Draco 31 |. 15 Sagt 
A Cephens 11 | 16 Ann E 
$ Bootes 2% 7 Antinous, U 
6 Corona Borenlis 8 19 Delphinus, 
7 Egonaſe:, or Hercule. 19 19 Equiculur, * 
Lyra | to 20 Pegaſus, 
9 Olor, or Cygnus, 17 at 4 romeda, 
10 Caſiopen, | 13 22 Triangulum 
11 Perſeus, 26 24 Coma Berenicer: 
14 


11 Auriga, 


The Conſtellations: + » 
Zodiack Conſtellations, 13, vin. 

1 Aries, 13 7 Libra, 
2 Taurus, 23 8 Seorple, * - 

3 Gemini, 18 9 Sagitarins, 

4 Cancer, 9 | 10 Capricornns, 

5 Leo, : 26 11 Aquarius, 

6 Virgo 27 J 12 Piſces, 

| Southern Conſtellations, 27: | i 

1 Cetus, 22 15 Piſces Auftrius, » + pg 

23 Orion, | 31 | 16 Grus, 13 

Flumen Eridanus, 34 | 17 Phenix, | 15 

4 Lepus, 12 | 18 Indus, 12 

5 Canis Major, 18 19 Pavo, 20 

6 Canis Minor, 2 20 Apus avis Indica, 11 

7 Argo Navis, 41 21 Apis Muſca, 4 

8 Hara, 25 22 Camelion, | 10 

9 Crater, 7 23 Triangulum Auſter, 5 
lo Corvus, 7 24 Piſces volans, 7 
11 Centaurus, 37 25 Dorado, 7 
12 Fera, aut Lupus, 19 26 Toucan, $ i 
I3 Ara, 7 27 Hydrus. 31 
14 Corona Auſt, to 


The Globes are compoſed of theſe Parts. 


Firſt, The Body or Globe it ſelf. 
Secondly, The Brazen Meridian 


Thirdly, The ung of Altitude, 


Fourthly, The Hour Circle and Index. 
Fifthly , The Wooden Frame in which it ſtands called the Horizon! 


The Globe doth repreſent the natural Scituation and Poſition of the 


Earth and 1 Ind performs Problem: of the Sphere, either in 4 
ridiaw {8 divided Into 4 parts of Quadrants, each = 


Py or Geograp 
I. The Brazen 

being divided into 90% Within this Meridian the Body of the Globe 

turneth upon the Axis, being two Re | | 

2, The Hons Circle is a flat Ring of Braſs, ſaſtned upon the North» 

art of the Meridian, and is divided into the 24 Hours of a natural 
arters: | 


ay and each of theſe Hours ſubdivided into Halves and 

3. The Ivy" of Altitude is a long and thin flip of Braſs, divided 
"to 90“, and is to move up and down upon the Surface of the Globe to 
a | ny 


* 


= 


4 
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196 4 The Uſe of both Globes. 


any Poſition required: and when placed in the Zenith, the Edge thereof 


repreſenteth an Azimuth, and the Diviſions ſhew the Almicanters, or 
Circles of Altitude. 


4+ The Horizon is a flat and round Frame ot Wood, in which the 


Braz en Meridian, and conſequently the whole Globe doth move, being 
diviced into a Kalender, ſhewing the Day of the Month, the Place of 
the Sun, the Rhombs, Cc. 


PROB I. How to ſet the Globe to the Latitude of 4 Place. 


You have next the Edge of the Wooden Frame, which repreſents the 
Horizon, the 32 Points of the Compaſs, by which you know which 
is the North and which is the South part of the Horizon, therefore put 

tlie Nort Pole of the Globe to the North, and the South Pole to the 
South part ot the Frame, and it you are in the North Latitude draw up 
the North Pole (bur if in South Latitude the South Pole) of the Globe 
till the given Degree of Latirude upon the Brazen Meridian under the 

Elevated Pole juſt cut the Horizon, and then is the Globe ſet to the 
Latitude of the Place and fit for Uſe. 1 


The Uſe of the Terreſtrial Globe. 


PROB. II. To find the Latitude of any Place upon the Globe. 


Firſt find the Place required upon the Globe, then turn the Globe a- 
bout, until the Place whole Latitude is required, be juſt under the Bra- 
zen Meridian, then note what Degree ſtands againſt it on the Meridian ; 
that is the Latitude of the Place which was required. 

Example Let it be required to find the Latitude of Rome Turn the 

Body of the Globe about until Rome be juſt under the Braſs Meridian, and 
you will ſee 41* 51' to be right againſt it, which is the Latitude of Rome. 


PROB. III. To find the Longitude of any Place upon the Globe 


Turn the Body of the Globe about, till the Place whoſe Longitude you 
require, comes under the Meridian: then obſerve what Degree of the 


Ezquinoctial is cut by the Braſs Meridian, and the Number of thoſe De- 
grees is the Longitude of a Place you ſeek for. 7 


Example. Let it Le required to find the Longitude of Rome, as beſore, 


therefore bring Rome under the Meridian, which being done the Meri- 
dian will cut the Equinoctial in 36˙, the Longitude of Rome required, 
i you uſe Globes that begin Longitude at the Iſland of St, Michaels; but 


ol late the Globes frequently begin to Reckon Longitude from the Me- 


ridian of London, and then if you turn the Globe as before, you will find 
Rome in Longitude 12% 28' Eaſt from London, Oc. NOR 


The Uſe of the Celeſtial Globe 


PROB. IV. To find the Diſtance of any two Places on the Globe. 


To perform this, lay the beginning of a Deg- on the Quadrant of Al- 
titude upon one of the Places required, and note how many deg. there are 
contained between them; which is the diſtance between the ſaid Places. 

Example. Let it be required to find the diſtance between London and 
Rome : therefore lay the Qua rant of Altitude from one Place to another, 
and you will find 13 deg. to be intercepted between the aforeſaid Places, 
which is the Diſtance between London and Rome. 


PRO B. V. To find the Poſit ion of Places one from another, 


Firſt ſet the Globe to the Lat. of one of the Places, and bring the ſame 
Place under the Meridian, and extend the Quadr. oc Altitude, being fixed 
over the firſt Place to the other Place, and the end of the Quadrant ſhall 
point out on theHorizon the Poſition that one Place hath from the other 

Examp. Let it be required to know the Poſition of Rome from London, 
therefore bring London under the Meridian, and there fic the Quadrant of 


Altitude, and the edge thereof upon Rome, and the end of the Quadrant 
of Altitude will point to 535, which is the Foſition of Rome from London, 


The Uſe of the Cæleſtial Globe, 


PROB. VI. The Day of the Month being given, to find what Sign and 
Degree the Sun is in. | 
Firſt find the Day of the Month in the Kalender, on the Horizon, and 
right againſt it you ſhall find the Sign and Degree in which the Sun is. 
Example. Let it be required to find the Sun's Place on the 5th of May. 
You mult find the 5th.of May in the Kalender, and right againſt it, you 
will find 25 degrees in Taurus, which is the Sun's Place that Day. 


PROB. VII. Hou to place the 8 of the Hour Circle for any Day in 
the Tear. 

The place of the Sun fbund (as in the laſt Propoſition) you muſt find 
that degree on the Ecliptick line of the Globe, and bring that degree to 
the Brazen Meridian; then ſtaying the Globe there, turn about the In- 
dex of the Hour Circle till it points juſt upon the upper Line of XII in 
the Hour Circle, which being done, the Hour Circle is rectifi:d for that 


Day. 


% 


PROB, VIII To find the Time of the Sun's Rifing and Setting, 


The Hour. Circle being rectiſied, and the Globe ſet to the Latitude, 
then turn the Globe about till the Degree of the Ecliptick in which the 
Sun is, cut the Eaſt fide of the Horizon; and then caſting your Eye up- 
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18 The iſe of the Celeſtial Globe. 


on the Hour Circle, the Index will ſhew you the Time of the Sun's Ri. 
ſing : And the Globe being turned about till the degree of the Sun cut 
the Weſt ſide of the Horizon, the Index will ſhew you the Time of the 
Sun's Setting. | 
E Letit be required to find the Sun's Riſing and Setting the 52h day 
of May, in the Latitude ot London, the Sun being then in 25? of Taurus. 
Firſt, find the 25th deg. of Taurus in the Ecliptick line, which being 
turned to the Eaſt part of the Horizon, you will find the Index point to 
a quarter after four of the Clock ; the ſame point of the Ecliptick being 
turned to the Weſt part of the Horizon, you will find the Hour Index 
point to 3 quarters paſt 7, the Time of Sun-ſetting. 
' Having the time of the Sun's Riſing and Setting, you may find the 
Length of the Day and Night ; for the time of the Sun's Riſing being 
doubled, gives the Length ot the Night, and the Time of Sun ſetting 
doubled, the Length ot the Day. | 
Example, The fifth of May, the Sun riſeth a quarter paſt 4 of the Clock, 
which being doubled, is 8 hours and a half, the Length of the Night ; 
and the Sun-ſetting, which is at 7 a Clock and three quarters, being dou- 
bled, is 151 Hours, the Length of the Day, 


PR.OB. IX. To find the Sun's Amplitude 


The Amplitude of the Sun is an Arch intercepted between the Eaſt ot 
Ay Weſt points, and that part of the Horizon where the Sun riſeth or ſetteth, 
PF. The finding of the Amplitude diflereth little from the laſtPropoſition: 
For having brought the Degree of the Sun's Place to the Horizon, you 
count how many Degrees of the Horizon are intercepted between the 
Eaſt or Weſt point, and that part of the Horizon where the Sun either 
riſeth or ſetteth: | | 
m_ Example. The fifth of May, I deſire to know the Sun's Amplitude in 
the Latitude of London; therefore bring the Place of the Sun that Day 
3 to the Horizon, and you find 3 175 intercepted between the point of the 
Horizon, and the Eaſt point, which is the Sun's Amplitude Northerly. 


PRO B. Xx. How to find the Sun's Declination any Day of the Tear. 


The Declination of the Sun is an Arch of the Meridian, intercepted 

between the Sun's Place and the Equinoctial; to find which, you mull 

4 bring the degree in which the Sun is, to the Brazen Meridian, and there 
ſtay it, and count how many Degrees of the Meridian are contained be- 

tween the Equinoctial and the Sun's Place, and that is the Declination. 
Example. I would know what Declination the Sun hath the fifth of 


May, the Sun being 25* in Taurus, which being brought to the Meridi- 
an, 


* | 


* 
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The Uſe ofthe Celeſtial Globe. SY 
an, you will find 197 intercepted between that Point and the: Equinocti- 
al on the Brazen Meridian, which is the Declination required. 


PROB. XI To find the Meridian Altitude of the Sun any Day of the Tear. 


The Meridian Altitude of the Sun is an Arch of the Meridian, inter- 
cepted between the Horizon, and the Degree in which the Sun is To 
perform which, turn the Globe about till the Degree of the Sun be juſt 
under the Braſs Meridian : Then ſtaying the Globe there, count how 
many Degrees are contained between the Place of the Sun under the 
Meridian, and the Horizon; and that is the Meridian Altitude. | 

Example. On the fifth of May it is required to find the MeridianAl- 
titude of the Sun that Day in the Latitude of London ; the Sun's Place 
in the Ecliptick is 25” ia Tau ul; therefore bring that Degree under 
the Braſs Meridian, ard you will find 57* and a half to be intercepted 
upon the Braſs Meridian, between the Place of the Sun and the Hori- 
zon ; that is the Meridian Altitude of the Sun that Day. 


PROB. XII How to know what Altitude the Sun ſhall have an) Hour of 
the Day, on an) Day of the Tear: 


Having found the Sun Place, and rectified the Globe to the Latitude, 
and the Index of the Hour Circle for the Day propoſed, turn the Globe 
about till the Index of the Hour Circle be juſt upon the Time when you 
ſhould know the Altitude ; then ſtaying theBody of theGlobe here, bring 
the Quadrant of Altitude, being ferued on the Zenith, and lay it over 
the Sun's Place» Then the Number of Degrees contained betwixt the 


Horizon and the Sun's Place, counted on the Quadrant of Altitude, is 


the Altitude of the Sun at that Hovr. 

Example. Let the time given be the tenth Day of April, in the Lati- 
tirade of London, at which time(by the ſixth Propoſition) I find that the 
Sun is in the beginning of Taurus, and I would know what Altitnde the 
Sun will have at Nine of the Clock in the Morning. The Index of the 
Hour Circle being rediſied for that Day, turn the Body of the Globe 
about til) the Index of the Hour Circle lies juſt upon 9 of the Clock; 
then ſtaying the Globe there, lay the Quadrant of Altitude on the Sun's 
Place and the number of Degrees between the Horizon and the Sun's © 
place (counted upon the Quadrant of Altitude) is the Height of the Sun, 
which here I find to be 36 at that time, or at three in the Afternoon; 
for the Sun hath the ſame Altitude (nearly) at 9, 8, 7, 6, Cc. in the. 


Morning, as it hath at 3, 4, 5, 6, Oe, in the Evening, 
PROB. 
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200 The Miſe of the Celffiial Globe, 
PROB. XIII Howto find the Hour of the Day by tht Glube, { 


This Propeſition cannot be performed conveniently by the Globe only, 
but the Altitude of the Sun muſt be firſt taken by ſome Inſtrument, and 
then this is but the converſe of the former Propoſition which it performs 
thus: the Globe being ſet to the Latitude, and the Index of the Hout 
Circle tectified, turn the Globe about till the Degree of the Sun's Place 

met with the Altitude, taken by the Inſtrument, upon the Quadrant of 
Altitude, and then will the Index on the Hour Circle ſne you the Hour 
of the Day, do the like by a Star to find the Hour of the Night, 


* PROB. XIV. To find both the Right and Oblique Aſcenſion, and Oblique 
Deſcenſion of the Sun. 


The Globe being ſet to your Latitude, bring the degree of the Sun to 
the Prater Meridian; there ſtay ing it; ſee what degree of the Aquinottial 
1s cut by the ſaid Brazen Meridian , und that is the Right Aſcenſion of 
the Sun that Niy, So the Sun being in the beginning of 74, bis 
Right Alcention will be found to be about 28 and bringing the Sun's 
Place to the Kuſt part of the Horizon, in the Latitude ot Londer, the Hor 
rizon will cut the Equinodtial in 43?* which is the Oblique Aſcenſion, 
and bringing the Sun's Place to the- Welt partof the Horizon, the Ho- 
zizon will cut che Equinoctial in 424, the Oblique Deſcenſion, 


PROB, XV. To find the Meridian Altitude of a Star, or the Altitude of 
| | a Star at any time, 


To find the Meridian Altitude, let the Globe be ſet to your Latitude 
and then turn the Body of the Globe abour, till rhe Star be under the 
Brazen Meridian, and then the Number of Degrees of the Meridian inter- 

cepted between the Star, and the North or South part of the Horizon, 
according as the Star is ſituated, is the Meridian Altitude thereof, 

Nov to find the Altitude at any other Hour, turn about the Globe til 
the Index of the Hour Circle be at the Hour you would know the Alti. 
tude of the Star (the Index of the Hour Circle being firſt re&ified to the 

Sun's Place) and then apply the Quadrant of Altitude to theStar, and the 
degree of the Quadrant cut by the Star, is the Altitude, at that time. 


- PROB. XVI. To know at any time of the Day or Night, what Stars bt 
above the Horizon. © 


This is no other than to place the Globe in a true Poſition at that time; 

i. Which is eaſily performed by turning the Globe (the Index firſt rectifte 
* to the Sun's Place) till the Hour Index point to the Hour of the Day d 
i Night; and ſtaying the Globe there, you will ſee all the Stars that at 
above the Horizon at that Time. ons. KG 90 
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PROB. XVI. How to know the ig, en 


rinating, and. ſoring of 
| | Fixed Star 4. alſo what part of the Horizon be riſeth aud ſetterh in, 50 
0 Has ing rectified the Index of the Houg-gircle, and placed the Globe 
„c sccording to the Latitude, then bring the Star, whoſe rifing, culminating 


or ſetting you deſire, to the Eaſtſide of the Horizon ; then will the In- 
dex of the Hout<circle ſhew you the time of his riſing ; then bring the 
ſame Star under the Brazen Meridian, and there ſtaying the Globe, the 
Index willſhew you at what Hour the ſaid Star comes to the Meridian 
Laſtly, bring the ſame Star to the Weſtern part of the Horizon, md 
then the Index of the Hour-circle will ſhew you at what Hour the ſaid 
= _ and by the Horizon.you may know the Amplitude, as of 
the Sun. 


S0. VII. Of the Properties of the Loadſtone. 


The Magnet or Loadfione (though ſeemingly mean and contemptible, 
pot) for its wonderful ſeeret Properties, = for its real Uſelulneſy to 
kind» and the — improvements that have been made in Naviga» 
tion by the help thereof may juſlly be admired amongſt the choiceſk 
Miracles of Nature ; and valued above all the Gems and precious Stones 
in the ſpaciqus Univerle. a , 
Theſe Stones as they are found in divers parts of the World, and aW 
of different Colure — and Foree ; ſo they have different degree 
of Attractive and Dire&ive Power and Virtie ; but differ not in Pro- 
rty, for they all have the ſawe Derection, but ſome more weak, and 
ome more vigorous and firong, amongſt the reſt thoſe that are found 
about China, and Bengal in the Eaft- Indies are reckoned the beſt, But 
there are others alſo found in Arabia, ſome at Porto Feraro in the Levant ; 
ſome there are alſo found in High Germany, Norway, Spain, and Bob 
mia; and ſome in the Weſt of England, and moſt commonly in Iron 
Mines, being by ſome ſuppoſed to be of the Icon Oar, or to participate 
of the very nature ot Iron it ſelf ; as appears by its Sympathetick At- 
fection to Tron or Steel in drawing it to it ſelf, as ſoon as it comes with» 
in the Orb of its Attraction ; tor it you apply a piece of Iton to either 
of the Poles, it will there hold ir, and at the Diſtance draw a ſmall piece 
of Iron, with 1 or leſs vigour according to the ſtrength of the 12 


7 which may be Artiftciallʒ augmented by capping each Pole of the Stone 2 
ich 2 ſmooth and bright piece of Iroſ or Steel, into which, a8 intô ß 
b Center ; che cine of each fole (which before wasmore dittſed) wilh 


be contracted and united and thereby the ſame Stone rendred more” © 
goreus und powell S 
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on The Virtue of the Loadſtone 


the Loadſtone; for if one of the Needles be hung upon a Pin, that you 


. — this ſmall Piece that was cut off to the ſame Place again, the Stone 
will 


Of the thetical and Antipathetical Property of the Loadſtone, 
Wha 4 Nesde is touched — a Loadſtone, the North and South. 
ends of this Needle will apply ſelves reſpeRively to thoſe Pores from 
whence they received their Magnetical Life, to wit, the North end of the 
Needle to the North end of the Stone, which denotes their mutual Sym- 
athy ; but putting the North end of the Stone to the South end of the 
Needle, when it is upon a Pin, the South end of the Needle will im- 
mediately fly away; and if you put the South end of. the Stone to the 
North- end of the Needle, it will alſo diſcover its Antip@hetical Nature 


and fly away from it, 


Buc a contrary Operation there is yet in che two Needles to | that of 


apply the North-end of the Needle to the North · ond of that upon the 
Pin, it ſhall immediately A away; which denoteth a contray Opera- 
tion in the Needle to that of the Loadſtone, and the South end of one 
will immediately come to the North end of the other. 

The ſame Property of Sympathetical Coition, and AntipatheticalRe- 
pulſion, is alſo diſcovered by two Loadſtones,floating in 2 little Boats in 
a great Baſon of Water, the two Poles of either Stone being diſpoſe 
parallel to the Plain of the Horizon, and if you put both the South-poles 
together, they all avoid the Contract ot one another by a natural Anti- 
pathy ; but if the North- pole of the one be directed to the South · pole of 
the other, they will immediately manifeſt their natural Sympathy one 
to another, and will cleave together by a ſtrong Attraction. 

If a Loadſtone be confuſedly broken into many Pieces, each of the 
Pieces ſhall be au entire Loadſtone, having both its Poles diſtin&ly of 
it ſelf, with all the other Properties that were in the Stone before it was 


| broken. 


But if a Loadſtone be divided in the midſt between the two Poles, i 
the Equinoctial, then it is abſolutely two entire Loadſtones ; and thoſe 
Parts which were the Equinoctials before are now become two Poles, 


and the two Poles that were Poles before, do continue the ſame. 


Butif a Stone becut Meridionally q uite thro the two Poles, {0 thit 
one Axis is now converted into two; it is alſo become two entire Load- 
ſtones ; the Axis of either of them will retite into the Gravity of ei- 
ther Picce,and if you join theſe two Pieces together again, the two Ax 
is will again become one, Which is moſt admitable to behold. 

But if you eut of a Piece of the Stone at the very Pole, in a parallel 
Secion,the virtue of that piece will immediately retire from it unto the 
main Stot e, and will ſcarcely have any Vittueat all therein but apply- 
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forthwith impart the ſame Virtue as was before, into 
ut off; ſo long as it dogh abide in that Place, 
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Or, if you apply a weak Stone to the Poles of a ſtrong one, the ſtrong 
Stone wh impart of its Virtue to the weak Stone, — — it to be as 
ſtrong as its ſelf, but when this weak Magnet deſerts this neightperly 
Propinquity, the ſtrong Magnet will draw ies Virtue to its felf again, 
and will truſt it no farther than the Power of its recal, 

* To find the Poles of Sene. 

ays for the Performance of this Experiment, Firſt 
in piece of Steel about an Thich in length, and 
if of an Inch broad, which being bent circular and laid on the Stone, 
will immediately lie parallel to the Axii of the Stone, and direct which 
way the Poles dolie. Which being diſcovered near where they lie, you 
may find them more exactly by a ſmall piece of ſewing Needle, 1 lich ” 
being laid on the Stone, if ir be near either of the Poles, will elevate one 
end thereof ; then move it farther and farther; till it doth ere itſelf 
Perpendicular, and that very Point will be the Pole of the Ftone. 

Now to know which Pole it is, you may apply a ſwall Needle of a 
Dial to it, and it the Pole draw the North-end of the Needle, then is 
that the North Pole of the Stone x and the contrary. 

Or otherwiſe you may find the Pole by a ſewing Needle and Thread, 
by han ing it over the Stone where you N the Pole to be, and keep 
it a little ſhort from the Stone, and the end of the Needle will directly 
point to the Pole of the Stone. | .4 
To Infuſe Magnetical Virtue into a Needle,without the help 45 a Loadſtone. 

Ron being a Mineral ot the Earth, and having a une etical ity | 
1 with the Loadſtone, acquiring this Verticity from Magnetiſm of 
the Earth, being diſperſed according to the various Poſitions thereof; for 
all Iron, whoſe Poſition is parallel to the Axis of the World, or if it be 
perpendicular ta the Horizon, the upper part thereof ſhall have North, * 
— the lower part South Virtue ; as Bats in Windows, Caſements, Tongs, 
and Fire- Forks, and all ſuch Things; which Virtue they acquire in a very 
little time, as I experienced by a Fire- Fork, which within to days af 
it was firſt made, (being kept in a Perpeydicular poſture) its upper end 
did very fenfibly-draw the North point of the Compaſs, and the lower 


end the South point; but the longer any ſuch piece of Iron continues in 


that Poſition, the N „ it doth contract; ſo that I once made 
an Experiment upon a Imoòth piece of Iron, which had for ſeveral years 
been in a perpendicular Poſture, and filed the upper end thereof bright, 
and touched d ſmall new Needle thereon, the South end I touched upon «< 
the North of upper part of the Iron, and the North end upon the South 
or lower end ; and I the Needle to play indiflerently well, and to 
conform it ſejf to the Magnetical Meridian, © 


— — — — — — 


TABLES, wi 
nnn * -_ 1 Application 


= . = . 


þ 


Kr rn ll... 


i 1 W | 
: _. 
F 


. Liſt quart ocſog m 
whe: moon | 13/04 & 

„ F ; 
f Laſt quart, o/o m 


| 1 05104 a 


0 


— — | 
EE} quart [o7]oo n 


New moon | 15]:4 m 
Firſt quart | aaltc 6 
Full moon þagſoy m 


Firſt quart |19{ 
Full moon [14/11 « 
*Laſt quart | 


1 


New moon 
Firſt quart 
ull moon 


New moon 
Firſt quart 
Full moon 
Laſt quart, 


Firſt quart | zoſo7m 
Full moon 127/10 & 


New mooh - 23m 
Firſt quart. [aoſo6 a} 
Full Moon 28 24 4 


Newmoon 1210 m 
Firſt quart 19005 m 
Full moon 275 m 


Laſt quart og m 
New moon | 1 105 a 
Firſt quart 186 a 
Full moon = a 


Laſt quart oo m 
New moon | toſor m 

775 quart -im Firſt quart 
Full moon 35 do n Full moon 


it quart *: 


The Dar 1714 bath 4 Eelipſer, 2 of the Sun and 2 of 
The feſt will be an Kelipfe of the Moon April =o t6, inviſible, 
The ſdeond will be on Mey the, 1816, thou the Al rnoen, w. 

Jun Will be Bell 1 A 1 Y iT * to the Northward it is * 

The third wil be on Oeder the 1 about 4 In the Morning, wherein ib 


The fourth will, an Roll 


Meer will be Kelipfed ,Digits. 
Tho rut il fs a8 Bp of th On, on dandy Axl. 


. r N 
Res e vart ee A 
1 1714 


Lait quant [5 * 


AN 
ur quart lo HDM 
Full moon 17 A 
Laſt quart vw 


New moon 2 02M 


1600 


Full moon 16 N 


Laſt quart [24 o1M 
e 10 0s 


Firſt quart fe 
Full moon 14ſe N 
Tall Qual 23|t0M 
on [281124 


5 


Total Leliple? 
Ipſed, It wil 


Offober 10 
I be worth 


28088 | 


1215 
10 HN 
o8 AM 


* . 


| 


Firſt quart. [oc 
Full Moon, 8 
[ES uart. lie 


1 


D 


F 


between 6 and 
bſervation, 


i 
5 Moon, 


185 quart. 


rſt quart, 
Full Moon 
55 5 
Firſt quart | 
— 171% bath fu Eclipſer, four of the Sun 40 two of the My 


Of which, only one of the Moon, will be viſible * it will 
Tel 7 at Night 3 21 Digit 


1 f 
| 


New 


Firſt quart, 
vj qua. a 


11004 
don. 30% 


Laſt 
_ 


Uart. 
Oon. 


F ull, Moon. 
Laſt quatt. 
New, 


New 


o8[04A 
15011 
$3/06N 


974 


13/094 
10% 
26 06K 


N 


140% M 
Ty 


— eer——n—e ee eee re Sn tt. 
—— 2 for the year 777 


—b— 


_ _ 


— 
— th. F'Y W 


| 206 


The fest will be 


ail 


1 


* Belipſe of the 


1 


of the an, on 


he ſheo 
Tha 0 a7 be 68 Hep tender the 14 
Tu ok in be on Apt ber the 36th, wherein the e Will be l. 


n. March 2 


1h, Wert 


OC CUM NNN 0 
A Table of the Aſoons [Age for the pear — 


ey bft 
— — — — — — — — —— 
Full moon so) m Full moon 
D Laſt quart 14% m Laſt quart 
New moon 2 27 m New moon 
S (Firſt quart | 2gjto a Firſt quart 
Ic Full moon log a Full moon 
is quart 120 a Laſt quart 
| New moon | 2o|(2 a4 New moon| 
Firſt ur 28006 m : % tirſt quart 
| Full moon 
Full Moon 0701 m a> 51 
8 Laſt quart 1405 al 16. Laſt quart" 
8. New moon 22032 a New moon 
Firſt quart 2901 a irſt quart 
| Full moon | 
Full moon fo5þr a | 
15 quart | 1360 n Laſt quart, 
8. )Newmoon | 2162 m New moon 
Firſt quart 276 a Firſt quatt 
| | Full moon 
Full moon 5 m 
Laſt quart | 135 m 
5 New moon | 2001 f m 
Firſt quart 2701 m 
Full moon al ＋ 
1 aſt quart 1100 a 
New moon | 1866 a | 
Firſt quart 2% m | Firſt Quart 
* Full moon 
The Thar 1 16 bath 4 Eclipſe, 3 of the e ad 84 


Inviſible 
nolſiblo. 


dan will be Kelipſe 


A Cable of the 290ong Age for ide pear 1727. 
D. Ky - TIE | 


FM EA 
"oo | 2 | 


Laſt quart, io 10M New moon 
F 5 quart. 
Full 


New moon [11 ſo7M|! 
Firſt quart t jtoM| 
Full moon [a6 M 


Firſt quarr. | 
Full Moon, 


Firſt quart. og oA 
Full Moon 447 08 


aden oo; A 
4 uart. 
New Moc 


14 64M 
ON 


—— 


The Mer 172) bath two Eeliphes, and beth of the Suh 
The fitſt vill be on Mared the 2200, Inviihle 
The cod will be on ur the 444, vile ; Digits 


1 2 a * 


1 \ ” | 
Y 14 
| : 
- 
1 * 
- 


| 


| 


5 


* 


Firſt quart. Firſt quart ſo 
F Full Non [x 5 FE N i 
& )Laſt 70 1A mas 

New M Leber moon 


Fit 56 Firſt quart one 
oy 1400 IN Moon 
I 12 uart. Laſt quart 
New Moon New moon 
Firſt * 
( Firſt quart. 
$f += Moon 
7 uart. Laſt quart. 
L dee Joon F New moon 
Firſt quart j29j22M 
\ Firſt quart, [06|10M | 
Fu! Moon 13 0¹—t D 
2 Laſt quart, * 
. New Moon br "0 
| 
Firſt quart. 'o5'/o5A] 
2 Ful . 12/ogM Nan o5[oBA 
E \Laſt q art, 190 3A 
(New Moon 470A | 
C Firſt quart 
In quart. 93 114 
Full Moon. |t 6/06A © Full moot 
Laſt quatt. 18 K Laſt quart 
New 00010 587 moon | 86 
+ QUEr 


dee Nes 10 bath four Heller tus 705 60 4% two of the Moon: | 


The 12 will be an LY 


e 
NUN, 4 ns * ' Rl 


» l wine 
the third v 
'he 5 nl be 


Ie af Fg 
— the Fun, 0 I 2. yl 
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Tr 7 [DTH- mw ' 2 
| | 
- Laſt quart [o3|10a 2 | Laſt quart [96 11a 
R 2 \ New moOn[19104a A2 Ner moon 15 o r 
8 an quart 18 [os a T) Firſt quart 23% w 
[| 4 Full moon | 26 on ; Tra moon 29 9 
Laſt quart loi 10a ” wy” o al 
1 moon og ſiom * 13 — 
= ) Fuſt quart [17]02a . "8 20014 
Full moon [24[04a My ws moon 27 or a 
Laſt quart o; [oy m © Laſt quart [04';1 m 
8 New moon 11 lozm F New moon 12 oz m 
I Firſt quart 19 os m. S (Firſt quart | 18 02 a 
> ( Full moon [26 lor m T Call moon 2603 m | 
, Laſt quart ſolſo7a | Laſt quart os m 
New moon[o9[o8a New moon|[11ſ;; m 
<. ( Firſt quart 17 .os a JE quart fs m 
Full moon |24{ogm Þ Full moon 25% af 
c Laſt quart [o8{o8a 1 Laſt quart oz a 
New moon [16|toa | New — ogſtos 
Y 3 Fir quart [24[o6a Firſt quatt 1602 a 
(Full moon [4 tſo8m Full moon 2402 4 
Laſt quart 7 ſobm Laſt quart or fe; 4 
F New to0h | t 5 [oo New tri60t | 0g [67 m 
Firſt quatt [44 [61H Firſt quart | 1665 WI“ 
Full moon 19/044 Full moon | 44 e“ 
| 


——__ ——_——— ——_— 
Thee will be fone Eelipfes this = — of the Sun aud tg of 


The firft will be gf the Magn . he 44th, inviſible 
The ce wilt Wo the Sun BN — the Hom ; 

The third will be of the ** on Fly the 14½ 

The to lh gan 172 UL Vi 99 nd Tatal, 
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Moon makes full Sea, up 


"The Title a 


"4 Tide Table for the Sea- Coaſts of Great-Britain, Irel 
way, Holland, Flanders, France, Biſcay, &c. Shewing what 
| on the Full and Change-days, at the 


Places following, in an Alphabetical Or der. 


„ A 
AT Army; NNE. and SSW. 
At Amterdarn, and Armen- 
teirs, N E. and SW = — 
At Abarwarth ENF. and 
WSW — — — 
At Abermorick, and Antwerp, 


- Eaſt and Welk woo s 
5 by S. und“ 


At Alborongb, SE. 
NW. by N. | 


At Heut h/ 911] Nacktail, and 
before the Race of Blangnrry N. 
and 8 

Thwart of Peteby in ther) ftng 
N by Hand 8 by W 


4 4 LESS e 


At Blarkeſs in Henet, at _ | 
0 


MANN H. and 88. —.— 
130 10 N 
Uſe Y Na ant y 8: 
1 River o Henne, the 


South Goat of ute; the | 


Go aft of Fiſcay,and at F/ 
NE. and kW EZZEREE EW = 
At Hr, befire thefa/icheR(- 


fl. 


1 


9 


M. 


03 


WT, 


62 


- [93 | 


ver of HU thin the Har 
ven, NEbvy E and AW b 
In the Are/annd, Hay, Halti 
more, ENK, and W 
Refore Bremen, and atRlark- 
wey, and in the Channel before 
Bourdeaux, Faſt and Welt — 
AtBriſtel Key, E by 8 and W 
b — —— — —ů — 
At Bridgwater, E S E. and 
WNW. — 
Bulleyn deep, 88 E. & NNW 
C 


9 — 


In the Condado, N and 8 — 
In the Chamber of Rye, N by 
E und 8 by W n= 


{ 
W 3 
. 


o6 | 


of 


7 
10 


12 


b 


45 


| Without Caſice, at Corpuschri- 
ti Point, before and at Camfe- 
NNE. and 88W.— 
Between Cal:ce and Dover, 
before Conguet, and at the N. 
Cape, NE. and SW wn _—_ 
At C3rkCalice, Cape Clear, and 


in the Creek, ENE & WSW. 


At Caldy, and in the Bay of 
Carnarvan, E by N& W by 8 
At Concaly, Eaſt and Welt 

Without the Case te, in the 
12 SE by E and NW by 
Between Guernsey und the 
Carkyetr, befure Cyomer, before 
the(iukers andOu vey; a tor ven 
e and at et, 8 E. and 


2 6 8 


Ar the” #1hitsy and at Chang 
berae (i, hys and d WhyN 
At Us 4, th the F of Cams 
In ate Road; and in Climber: 
1% Road, & Brand NNW. 
Heſhre the Haven of Ciemtn 
the Chamber, between (/e 
— and the G % and at Cut: 
af, g by and N hy W. = 


At Dover Peer, and before 
Dunkirk, North and South — 
At Denbeigh and Downs in the 
Road NE by N&8 W by 8 
At Dort, NE. and SW —- 
At Dunger vau, ENE, and 
WSW — — non 
At Dartmouth, Faſt and Weſt 
At Dublin, 8 E by E. and 
NW by W —— 
At Dunbar, 8 Band N W. 
At Dungeneſs and Dunno ſe, 8 


E by S. and N W by N 


—— 


H. 


01 


03 
04 
05 


o6 


o8 


o9 


10 


08 
OS 


09 


M. 


30 


and, Now 


* N * The This Tulle. F | = 21 x ' 
At Dover, Dip, and in the HIM. I Gravſod, | NNE and 88 H. 5 


Downs a —__ SSE. and N or [ac 
NNW= — ol 39] At Groy, at Gaſeoign, . the 
| Coaft of Galicia, N. Eaſt and 
At Emaen, before the Elve, 150 — 
' before the Eyder, and before Between Guernſey and Cashers, | 
Enchuſan, N and 8. 12100 8E and NW. — 09 95 
AtEdam, NNE and 88 W. [,4|;o| Thwart of Guernſey, in the]. l 
Before the Eaſtern and We- 22 $8. by S and NW I 


ſtern Emes, and at Engmond;, Ty — — 0. 
. f 


8E and NW — the Chamber and Goree-end 


F 5 by Band Nb 
On the Coalt of Flayder;,| 
North and Sovth = ta loo Before the Hever before bhv, 
At * N by E. and and at Hampron-Key, N. and 8. 
$b — — | |; Under Holy Iſland, and atHomn, 
2 the Ru, in the Chan- NNE and 88 
nel, NNE and 88W -— — foro Before Hart/400, NE, and 


00 


Without Fownney, NE by N. 8889 
and. SW by 8 — pit At ne wy you NB by E 
Without oy Banks of Han and 8W b 
dert, NE and SW. þb:[00 ehm; byN and W. bys 
At _ one) as en Before Tune en e at Hill, at 
ENK and W WOW . — e the Holt, W hefüre Hin by 
At the Vi in n @ at 750 auth F and 0 


worth, K by N and W by 8: font 1 Hive 4 ny and 
Het Ween Ma Fu fun unt in | Hum 8 and VN. 


880 and at Wale At 8b: Heltwizat Harwich, and | 7 
y N = ==== [16] 45] Without he Hanke 4 of Harwich, * 
c the Oval of Hf / 98 and N . ' 
4 the Fly, og and WN] as roy 50 wh = di by K. , 
ur MIR" rr and 
Without the Fly, 8E by k. { 


Un, 1 N and 8, 


and NW hy W þ 
" n the W. Coast of Irvland, 


Ab Frize, and Fair Iſles, NW 


and BB . . bleed and BY — 
ln the Hr th, and at the South In all the Havens on the 8 
Foreland, 88 and NNW 10] 30]Caaſt of Ireland, E by N. and 
In Fair Il*Roads, and at the W by 8 — — 
North Foreland, South by Eaſt . 
and North by Weſt 11] Kentiſh Knock, N and 8 — 
G At Ke'l irs, NE and SW 
In the Road of Cibralter, at At Kingſale, ENE and W 
Graveling, and betore Che burg 
North and South —— feel oc At Kilduyn, ESE. and WNW|® % 
Before Goree at Guernſy, and | At Kildive, * and NW 194 
3 | | 2 $ 


212 
L HM! Before the River of Nate. M 
t Leith, N. and 8 — |; $50 North Ealt and 8W 38[96 
At Lithow, NE. by N. and] | At New: ſtl-, Eaſt by North 
SW by 8 — 2 = | M WV. by 8 —— Tn 
At London, » NE, and SW == |; Iv Betore gt. Nicht, Fall by 
"Thy a ; of Lovdeyand befor, 8. and W ly 8— 777 * 45 
Ew, by N, and W by 8. eit; At the * at the 
t %, half Tide at Londey Wight, Sk. by K. an NW i Mts 
Ealt end W. | - r__—_ PF: : tg All the G Gall of Normandy, 


N. 


and NW. by N oa === yy] 
th 10 40 Roach and at Long 
faul bead, 8 Fan NNW. == ſteste 
Within the = It cuu, N: 
B. an S hy W.==== ==|(3 110 


and within Mountsbay, ENE| 


Maler, E. by N. and W. by 


Ub 9 — 


* by E, and 8. by W 


At Lia, E. by 8, and W. byN ]. 
** the er- by the Land 
"At L 90 Tn by 7 ani 
At 1 5 i * and thwatt of jt 
without the Banks, 88, by 8 


4 10 


The Tids Table. 0 


Hhetween the Nazr and J, avbran 


and Picaray, SSR and NNM [ii [tv 


at 1 ewer, Sonth by. Eaſt and 


N, by \W 1 U— rw — 11 
* At 0-hyeſs, NEE Q\W [4:59 
At 3755 Sk. and NW. - [oy 6 
At 0. ries, 8E. by B. ati an] | 
1 5 43 


1 whhout ut the 
Ball, on be Ween G ⁵²⁹)X and 


Before the 14444, NNE and 


At the Arr, and before Gt. 
— Point, NE by E, and 
In Mouſchate at 8t· Manbew 


580. ͤ —— --— 11 by K, and 


OJ, 


and WSW. 30 


In Milford, at Meonleſi, at St. 


— — 


24 


South. — by N. and W. by 8. ſoßzſt; 
Between Mouſel: ole and Fal. At St. Pauls in the Haven, 
nowd. and in Mi ilford- Haven, E. and W 6 
ESE. and WNW 27130 Before e Eaſt by 
In St. Maenes Sound, and at South and W. by N 0 45 
Magus Caſtle, SE by E. and Thwart of Plymouth, ESE, | 
NW. by W — t5hind WNW. - — 05130 
At the I/le of May, SE, and At the Race of Portland, 8E. 
IL NW. — — — — ind NW ä— —— —ͤ yo 
Pa, Betore Margate, South by| Q 
* E. and North W. At Quinborongh, N. and 8. 29 
ebert, Half. Tide North 15 


Atthe Weſt end of the — 


45 North. and . 
NE. and SI 
E. ep and SW, by W. — ho; 


At Rocbeſter, N. by E. and 5. Mo 


5 * Haven, BYE. and N 


== Em amy n 


0 00 fd Wh within the Sands, 


by it 12 1 
At "EPA Half- Tide, 1 


At the Pens, Hor thus, and Poittu,| 


On the Coaſt of Portugal, N 


Plymouth, and before St. 
10 42 


At Ramin NN E. and 88. 
At Rotterdam, in Robin - Hood 


Bay 


* 
2 The Tide "pit 


* 


N from the Race to the | H. M. 
'Þalebead, NE. and $W — | oz 00 


At 1 od * * . 

B by E. 1 03 45 
wy NaN yy E. by. 1 1b by 8. 05 15 Mala d by An * l W 65 43 
In the 15d, at the 


In the deve 1 Uban within Cat, A. N. A il 
and Silly, at the Kier, at the WSW mim mms 0 
Kn at Kath Hampren, and a- Without KI %, E, and Wingo 


long the Swi, N and — [1360] St aeg 
bop theConlt of aan 

in: N land, NR and BW - [04 ue At e N 
An the nnd; Srarburgh At the Wi 1 trum the 
%%% E & 8WbyW 04 | 45] Wend of ils Fight, NNE and 
t 


At! er, \v Tthout 8862 loillie 


5 nd NN {tet 
& SbyMi 24) 


ven in th broad bu, BNE Before the ' n NE by 
«4 WS — 041306 N. and s W. 558 9411 3} 
8 fer between | At oily, NE and SH === oP 

h the fe, at the pur la the Sea of % len and 

Kae 0 . by N and Why8 | 6g | 15 | Nd NNE. ant HATE, ===| 64140 
Wicheut %% fn theGhan In Walt, & by NN by « 8 65]f 


nel, and] af d Rand W [e410 AT at Hemant, and 
Ar NMI hand jo the —  Firerford, H and H mm 06/00 
L by Sand \V by 66145} At 8 Key, E 2577 $ 

Sod In ebam Land Why N -es, 

ESE and WNW mmm ———» {97[30] At the Wb y Mering ben at 
Wichia the Syn, and befure Huter ton, ESE, and NIV, >= % od 
Shelbergh,% at y Clifts, SEN NW | 99; 00] Thwart of thelfle of #%zbr, 
At Sharam,SE byS. &N WbyN | 09{45|in the Channel, all within the 
At Shy. bead, SSE& NNW | to] 30 /e of br, between the Ile of 
'T Miobtand Beacby, by the ſhore, 


Within Tervere, N by E and ISE by E. and NW by W. — os 
8 by W — 245 At the E. end of the iht and 
Before Tervtre, before the on ¶ ier ingben Flats, S E& WN ag 000 
River of Thames, and at Tin-| REG © 
mouth NNE. and SSW. -— | ar * Before Yarmouth, NNE, and 
Before the'TeesandTinmonth, and $6 W —— 
before: the Bay of i inmonth,N At Yougball, EN E and W 
EandSW ——— |}; oo SW — — — — 
At the Clifts of the Texel. At Yarmouth, SE by E. an 
ENE and WSW 04] 30] N W by W. —— mn] 


In Torbay, and before the | InYarmonthRoad,inYarmonth 
Texel, E and W — 06] oof Haven, S8E andNNW, —— L. 


In the Road of theTexel, E | | 
SE and WNW o7|30] On the Coaſt of Zealand jor. 9) 


At Tergen, 8E by 8. and N N NNE and 88 — —| 03/00} + 
Why N - = 0] 45] IntheZrrick ſer, NE SW. 3 


— — 


15 


— 


* 


1245 Ld — 


OS 


— 


F the Jun / Right 


Matte 


( OMTONW, 


91 17 
It 


99 $9 
03 Jy 


103 43 


of 5 
— Tia 1 
of 41 
09 45 
05 49 


3 47 $3 
, 


99 


03 
07 
11 
15 
18 


2 189 9 9 ©H 2 88 my | wy — — — 2 
3 80•3 IAS 2168 88 r s 


10 44 
08 52 
o8 56, 
8 39 


22 


10 22 
16 26 
10 29 
to 33 
ro 36 
10 40 


1o 48 
10 51 


ee 
Alter, 


Ti E 
11 1 
tz Is 
11 10 


. 
1 
ty J 
W---$ 
8 
4.2 
13 46 
0 
WW. 
"a: 
14 Ol 
14 05 
14 09 
14 13 
bd 29 
14 21 
14 25 
* 29 
14 33 
14 37 


14 44 


4 32 
14 56 


15 oo 


R. t 


14 40 


14 48 


15 04 


—  — ——G 
A Tae of the Sw": Right 3 


50 om, Os 


Y _ - 
5 -. © 
— 


2 S 7 


3 


* — - 
ae 4 Es 
> 
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Th ITO I I; ET 


ATABLE ſhewing the Right A ſeenſſon, Declinatlon, and 
© Mignitude of the Principal Fixed Stars. 


| Names of the Stars 
111k 


Girdle of Andromeda o——o_— won — .— 
Acarner, er laſl in Eda! — 
Fr ipht Star of Aries memo noermmes Cennnnenemnmns wn — 
Meduſa's Head — — — — —— — 


1 3570 bt ſide ＋ Perſons ; —— ——— — — 


el of 0 — Stay ——— — 
A beben or Jull's 552 —— — — 
1 or the cat — — — — — 
Bright Foot f Oricn == — Q—_—— 
Middle Star in Orion's Belt 
Orion s Rt bt Shoulder — — — — 
Aa i a's 180.7 Ch:ulder —— — Nw 
Bright Foot of Geminio—— -——— ——— — 
7 or the great Dog 
Caſtor, or Ap'}t> 
DP. oey: u tbe Little 548 — — — — 


„ — —— — — er woe 


r 
— — — 


Pellax, or Hercule — — 


South Arm of the Crab 
Hydra's Heart 
L on's Heart, or 746 —-˙ ç— — 
The Lower of the Pointers 
The Upper of the Pointers T — 
Lyons 14. (— — — —— — — — 
Upper of the two laſt in O of Great 5earyęͤ 
Laſt but two in tbe Great Bear's Tail mm — 
I irgins Spi le — — — 
Laſt but one in the Great Pear T, eee Finns: 
Laſt in the Great Bear's 741l!käk'xꝛkwü E!ñĩñß§nl 2 ĩ—— 
Drag 1˙5 Tail —— — — —— — — — 
Ardtarus 
AY uth Ballance — — eee e eee eee ere 
Foremoſt Guard — — — 
A. bote if 0 ' the . 2? 
Brighteſt in the Serpent. Neth = —— 
2 et, the Sc pen Heat -.- — 
Head F Hercules — — — —————_ _ — 
ways of * 17 74dt.——ͤ̃ — — 

975 or the H 

R114; Fill — 4 — (iE: —.—27F — 


V altu)e, L Bags 114i! ＋— — — 


—— — — — — — — 


mn 


SI — — — — 


— — —— — 


Fi 


Wu - Ow mV SW UDO EDO OOH WONT Nugo=AWw=aeG— eWwuwrpWw-DD - 
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— 
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_ cy ay ca 
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* A Table of the Ned Stare; 


ts 
3149 
LILY: 
BILL) 
414% 
445 
513 
443 


End ef Pegaſh 
The Explanation an 


1 


eir De- 


ht Aſcenſion, 
eridian, Af= 
ternoon. 


Scondly, The time being given, to find what Star will on to the Meridian 
about the ſame time, 

The Rule. To the Sun's Right Aſcenſion, add the time from Noon, at which 
the Star's coming to the Meridian is deſired z the Sum is the Right Aſcenſion 
of the Star that will come to the Meridian at that time with which enter the 
Table of the Kar's Right Aſcenſion and Declination, where look what Star's 
Right Aſcenſion agrees with the Right Aſcetiſion before found, or neareſt thereto, 
ind that is the Har ſought tor. 

* Suppuſe Aueh the 2th, I deſtre to know What Star Will come upon 
the Meridian about 8 at Night, 

The S's Right Aſcenſion is t hout 4 minutes i the, ths from Noon is R 
hours, which added jÞ the S's Right Aſcepfion, makes hours 4 winutes! 
the nedtell ng . & ts FAN Hart, White Right 1 hours in 
minutes, and therefore Won h at O hovers b ns, and f6 In 61h 4th, 
N wide wh i i 4b 
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\ Table of the Latitude and Longitude of the Principal Harbour 
H-adlands, and INlinds in the World , Corretted by the latel 


and belt Obſervati-n ; accounting the Longitude from the Me. 
tidian ot LONDON. . i | 


Note, When the Latitude and Lorgitule of an Iſland is given, th 


middle of the [/land is meant, except ſome particular Part of it þ 
expreſſed - | | 


* 


„ 


2 
_—_ 


Places Names 2 281 Places Names 52 de * 
3 | Shetland S. point 5 52 Zſol 30: 
The C. of England Buchaneſ 8 r 08 
| * "ao Aberdeen — — 5 24 fol 3) 
[BE i= 11 38 e ze. Dundee —.— 3“ ok los 362 
Smckeon Edenburgh.. $5457, * 2 Us 


— 


- Apa E | The Coaſt of Ireland 
IYarvouth . — |;2 Tar 


LONDON — Wextordl 1 
North Foreland — Waterford — 5 


Beach 8 oo 14122 
Ounnoſe Ide Wight 0 38 01 2 Cape Clear, — 
Portland 50 30 8 02 4 „ 
Start Point —— 50 09 303 45 [GAU ay —— 
Lizard —— —— 49 55 05 14 [Sline Head — |5 
Lands end 30 068,06 oo gf London-derry —— | 
bt. Mary's Scilly [49 57 £06 45 D Belfaſt —— fy 
| + oy ps + — 0 : 4. The Coat of Holland and Flanden | 
Briſtol — — i 38 fo: 358 | Scaw << io 10 
St. Vavid's He 51 55 fos a2 & | Helighland owſgg a8 063 
| [Barſey Hle — 52 46 log 58 FI Hamborougn — 4, [10 14 
Holy-head — 4 23 104 40 Emde ms cence 130 8 90 
WP e [he tint "ak bofſ 
te Haven — [44 a5 [04 t tl — oe. 
Mfrlifle == = 4 44 03 + Amſterdam — [$4 as 


\ 


TIF | Rotterdam — [qi 04 11 

6 ——— = 7 03E be ——_— 1.4 * 

N. part of Sky Liland]; 1 b N I om 

N. artof Lewis lil 13 — — 15 Cale 30 57 [300 
St. Kuda — |j8 0 40 0s 


The Coaſt of France and Portugal 
Farra head =—; 23 


v3 09% 'Die q——— — 4 30 91 09 . 
Northermoſt Iſles 195 pe do Hr 46Nos on 


" of Orkney — $19 1 


W 


0 


* % 


A Tablt of Latitude and Longitude. 


titu de ongit. | 


Places Names. d. m. d. m. Places Names d. 6 
— bt 


urs 
= Caskers 49 7% 55 32 Athens. — 22 
(«| Guernſey 49 3 02 40 a artelo 8 x 
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A Table of the Variation of the Sun's Declination, to every 
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The Explanation of the preceding Tables. 245 
Th each Page there are Eleven Columns; The Firſt ſheweth the Day of the 
anth, The ſecond the Day of the Week, The third ſome Remarkable Days 
4 Southing of ſeveral Stars-at Midnight 3 as you will find againſt Apri/the 
wurth, there ſtands, The laſt in the Great Bear's Tail, which ſhews that the (aid 
ir comes to the Meridian the fourth of April at midnight; The fourth 
lumn ſhews the place of the Sun tor the firſt Lear after Leap-Year, as 
W.: 1 the ſaid fourth of 4pril-in the fourth. Column, which is under firſt year, 
nd the Sun's Place in Y 25? 2 The Fifth Column-ſhews the Sun's Dec. for 
. 6: after Leap Year, ſo on the aforeſaid fourth of April under Firſt Lear, and © 
e vou find the Sun's Declination 99 51” North. After the ſame Manner under- 
dall the other Columns, where to avoid the trouble of Reckoning whether 
be Firſt, Second, Third, or Leap Year, you may find the Year at the Top of 
WW: Table (under the Title of the Month) and under that againſt the Day of 
Je Month you have the Suns Place and Declination till Anne 1932 ; thus July: 
170 the Suns Place is 19® 35” of Cancer, his Declination 22* 3“ North. 


Pr the Declination of the Sun out 'of the Meridiau of London. 


% at, April tr, at (ix of the Clock Atternoun, I would know the Sun's 
clination. The 11th day at Noon, I find it in the Table r2* 1) North; and 
1zth day 12 3)“; therefore —_— the leſſer Declination 12 U)“ out 
the greater, 12* 3)“; the Reſidue of 26” is the daily encreale, Then in the 
ble of Variation in Hours r. under 6 Hours or v0* in the Head,and againſt 

om the T,eft-hand, I find zm. the Proportional Part; Which (becaule the 
or was Afternoon, and Deelination encteaſing) added to the fore-found 
=” ye the Sum is 12 22” North, the Declination: but if it had been 6 
Wu before Noon, vit. at 6 in the Morning the proportional part muſt have 
n ſubtracted, Cc. | 


Here follows 


Table of Difference of Latityde and 
Departure to every Point and Quarters 
Point of the Compaſs, 


lich the Uſe thereof in Working of a Traverſe; and 


” 


44 8 


* 


9 
91.1 8.69 
ot 1003.83 


„een 
31 25145» 44 
91.44 46.67 
9137 rot 
914101 


01:47 19 vs 


911 Joby 
91, 115 1 
ol, 41791 
91,67 «Hp 
91,714.83 
1 76091 
21,81 36.82 
01.86 37.81 
21.91 38,81 


1.01 40.89 
02.06 41.80 
O2:11 42:90 


02:16 43-79 
02.20 44-79 
22, 25 45: 79 
02.30 4 6.78 
2435 47477 
92440 48 77 
02:45 49.76 


Lat D Dep} 


SL10} 


o1,9639.81| 


"A Table of L 


PETE Nr 


_ — "x 


* 


— 


01.0y116.8 
01.148]11.87 


01.27]12.86 
©1.47]t13.8y 
01:47114-34 
01.7.8; 
ol. 77 16.92 
17.89 
ol. ge 1.75 
9.9619. 
01. 0/ 0.77 
01.161176 
91.16], 
51.351074 


74 14.74 
—_ 1767 
91.6 (86.700 
01. * 140 
01:54 $6 
05.94% 67 


©3,64fy0.66 
O11 141]1: ef 
O44 14:64 


0 33 144% 


; A 
3135461 
03. 6; 39% 5 
03.77 37.1 
03.928.587 
03-9219, 32 
04-02149's 
94.1441 53 
94. 30a. 54 
94-3; 3-53, 
wi 14.71 
04.6106. 40 
04. 2047.48 
03.80 8.47 
04-9014 9.46 


Lat Dep 


I point Joint lz point 
— —⏑äͤ—ẽ——— — 


Dep Lat 


00.1500. 98 
00. 2901.56 
00. 4402.94 


6 oo. 53. 92 


«7 3Þ4.90 
00.86 2589 
01.03þ6,87 
01.17.83 
01.3 08.83 
01.47.81 
91.610.759 
91. 7077 
01.92.77 
02-0611 3-73 
02. 0014.71 
02.99 Nu 
02. Joſi 6.65 
02'64[17,66 


04.7 9[18:64 


901. 44 19.62 
04,09129.60 
| of 1401140 
D 
011 
Neef. N 
94! 
05.90 49 
11 0[47+47 
04:25 z Ti 
94:4U[L9143 
94:f5 10.40 
- , 14-46 
M3434 
uy . 
e540 
[95:43 
0545713 747 
Os, 7513 
95.8 os 27 
6.1400. 21 
06. 1641.19 
0973114 1-17) 


26.90 
07.0447.08 
07. 194 00 
. 3449. og 


[Lat [Dep | 


Tr I point [1 point | {+ point 


oo . 
91.1705 82 
01.37 06.79 
01.505) 76 
777 
1g. 7e 
91.13 wes 
92-3411 64 
01.5411 2,61 
WA 8 
93˙1 1. $2 
is 49 
03.717.406 
93. 115.43 
93.9019. 40 
041 204 49 


7 Point 


2 72 
Is 74 
01470 ** 
01.947. 66 
$662 


02,15 

3 9447 
2. 7 0.4 
534844 
03:40]! 3·40 


978 J˙1 
241i] 7 
17023 
94.6218. 
04.960J19˙14 
nens. 10 
91765 11.0 
05.855 111 
%% 
66.6% ITE 

06. 43Þ44' 

96, 6b 1108 


— 1, — 
97.10 035 | 
97 7 19.67 
. 19.61 
of, 10 + 
14 

110 


99.11 


09.976 41 
09+23]:6,47 


09. 48 357. 
09-72]; 4 


67 Point | 6 Point 


03.6 4.36, 


Wh 


AH. 


— 


8 


— 


* 


* 
= 


09470197493 
09.36 OL 91 


dints [7 


09.60196.94 14. 3876.12 


14.53 
14+67 


Lai Dep. 14 Us 


Dont 


. — 


0 „ * * 
Tr Ton: FR 
Lat Dep| Lat Dep | Lat 1 
err 9.47 [12 
41 y0.93| 03-50$0-75 [03.0 mY 19-47 | 100 
1 51193] er 16 14; 12.9950. 72 
55ſec 974974 
54 63493 | 02-69}5 3-74 [05.2 ($4.41 lo 
FF $4493] 02469154474 7357.40 
56 $5.93] 07455173 [05.49 96.30 
77 3693 | 014793 6-73 [05 3475 
i 67.97] 4% SHR 2114 
197 93 0% ' : 05s | 9. 0 9.8 
ee 79% 03454, pe 04.88 * 207% 

61 60.92 | 02495,00.7 6.5 6 13 0. 8 
61,61,92| e. 70 fe. 35 19/7 
64 6292 | 03030170 07 64-41 29-39 04477 
+ AER 73 3 a $364.30 [oy 47470 
11 N. 710 [Oy 63,04474 
e 5:92 | 03:2. 46548 [05.47 97 
e ee 
$8 [67.92 03.1867 67 05,66, wy 00 
56.76 68. 15101367 | 
92876 24 1 375 0 
4410.44 
9347144 10 70% 4 17.706069 
TP 73:21 |1-491/71-60 17-7463.85 
44). 3% l le fle. 6%. d e 
nean 1947177 
7 % TROLL (4714.73 
69.8, [764161 11,36/75151 ("7117 3:64 
9764771144711 1 4.97674 
nn Ay 14077 19:49,75.60 
07 $7919 14 55 : = 17607 
bi 11 1.9 94 19.5 97.52 
: 2471 14.870644 1991757 
oh 1,10 1.7014 109772741 
8.2418 04.307 38 20,4 f0.39 
91.11 94.0 12, 7.84.36 29a.60g1, { 
F 11 440 r e 
6, , 8 33 1, 3.2 
e re 11. J 4 
A 80 75 1 1 65 
89¼05 13, 0 — 4 
04.5 291-56 | 09.0215 - e172 22.50 89. 00 
93192.88 04.5716 09. 112.0 1. a 

32.88 | 046: 92.99 |1 3.80 92-19 439.94 

94193.88 | 04.62393.5 5 09210% $ 13-94) 3-17 13.0 90.93 
7195-54 99.41 4-97 114-09/94-16 7275 187 18.22 
<4 | 09.5 1195 +95 1249714 35719293 


'23-81]3 3.79 23-45 
10] rg 3295.93, 24'00{94.75 $2974 
9.56 19.5 9 . 0 24.3095. 6) 29.0 


Lat Dey Lat Dey Lat — 
164 point point = 


1 + 


poin 


*, 


248 


A Table.of D 1 


CE 


1 10. 36 


14 


4 140441 
| 1 1757 


|Sz* {point 


[Lat 
6 "1 30-94 


21.8: 
- 21.83 
[3-77 
5 34 71 
(P5405 


1 
. , 36.59 
1 17 
918.47 


100 29442 


— 


12þ11-30 


0 — 


12.25 
13 13˙19 


8 108. 
940 24.5 


0. 360 £6.47 
02,70, 07.39 
03.03! 09432 
23-37, 99-24 
03-71; 10.16 


94,04, 11:0g 


04.38 12.01 
04.72 12.94 
39 14.78 


06.7 18.48 
07.08 19.40 


07.41 20.34 
4 07.75 21.25 


00-41 23.10 
76 24,02 


25.87 


09 77 26 80 


10.110 27.72 


2 Toint 4 


Dep Lat 


3 
E. 


00. 38000. 90 
00. 7701. 81 
01.1552. 71 
01.5303.61 
891.944 52 
02. 3065-42 
02.68 06.33 
3.00 07.23 
© 3.44108. 4 
03-8 3199.04 
04. 2109.94 
04.60119-85 
04,98[11.75 
05.361 2.66 
6 
6 


7:13 12. 8512646 |14-19125-73 
| 13.26 2734 14.61/26 59 


1112 39.49 


7.4477; | 19-02[30-76| 20.56 
19.5 3[31-59 


13 48] 36-95 15. 
138 37-57 15. 


20.7537 74 
21.22 38.660 
21:69/39-45 
44 22.16 0.31 
2245 341.17 
23.1042.03 
232 


Lat Dep Lat 
— 22 — — , _— —— 
6 poink 55 point y] point | 55 Point 


25419140474 
ZIL 
Lat D | Lat 


5 Point 


— 
-— - 
— 


N 
J D. 4 


19.19] 47-11 | 19.5% 
17.4 2148 04 19:98 
17.80 143.46 2029 
18.2649 8% | 26.6, 
18.74 40.81 11.05 
18.87151473| 31:44 
le 68/2182 
54.11 22457 
[5-43 | 32456 
7 25434 
(7-28 23-73 
78.20 
7 19.13 
0.05 


25. 
25 64 


22:57 01,95 | 


26.40 
26.79 
23.926.527 el 
14. [06.52 | 27-56 
124.3954427 

24.93 08437 28. 


25,94 [71-14 [29- . 
1628 72.0629 85 


57 


24-11] 
24:4] 5. 
1455 


26.02 


/ LatiiVUDE aps DEPAR TURK, 


| 2 J Tinte 14 | 


IS 


8 


S6 point | 6 points 


14.804 1.1 

27.6 2.91 
26,0715 3-79 
26.5 1] 467 


27.3615 5-44 
27.7 55 
29.609 09 
19.07 9:97 
29.50 50.85 
29 9.71.73 
30. 30 2.6 

30.7919 53-49 


1\21, 2:194+38 


| 31:64]65-2© 
132.07 6.14 
| 32.48 525 

7.90 


18 


Dep | Lat BD. 


5 1 
point j 55 pon 


Þ Point. fa 7 poine 


Dep Lat 
24-04 [43.75 


612451 [24461 


25+46 [46.32 
25-93 147-18 
26.4 [4809 
An 9.75 
274511 40.61 
28.75 2.32 
29 22}43.18 
29.59 $4 C2 
30.17 154.59 
39-54 [554.75 
109 5.61 
31. 8 57.46 
727055. 
3 ·52 $9.18 
33.00 60.94 
43-47 | 60.97 


7495 62.61 
34299 [64-47 
6104-33 
3165.19 


3 point 
Dep [Lat | Dep 
26.4044 40 29.3. 
26.7443˙1 '28 
2725144406 39 
= 
29,204 2274 
18.79 46,5 
29.31147, 
5 


10 


30. 


' Dep 


33-4215 4-05 
33-9 64.83 
34-45}45-71] 
34 $f] 56-524 * 
35-43 $7-274.38- 
399-9 18. 20 
36.509, 


44-71[72-34 
492417317 


50.9 
ns 


— 


La Dep | 


ea. - 


© 


250 A Table of Dirrnnnnc 


— — 


0 8163 point 47 point 3 poin\ | 
4 = * 2 
= — Dey Lat | Dep 
0 4 | 6.26 50.77 | 05.6 20.74 | 00.67 
4 1 wh 51.45 [914 1-4 21.0 
bu q - = 04.42 | 61.96 51.44 | 04'01 
* 4 . 2775 02:54 44:96 [0.6 
ö HE J 55 
5 one 4'64 10401 2:44 [04:03 
. 72. 51. (e“ [29:19 [04-79 
| | 4 of * 07.97 09:9] 97. 
| 9 . | +6 D 71 96.67 of, 4 
= 0 9794 06 
11 10 0.8 28.10 0.94 7.75 7 * 
+ 008 LI | ng.64 —_ 6.97 AE 
7 2.10.4. = 42 pod ory 
* + | | | 1 js of 03.1 99.63 08,7 | 
Nt 4 eg 19.33] 08,8 10-37 [09 A: 
all 15 11 70 11.79 09,51 11.11 10.93 
+. i 16 136 12.37 [10.15 T1186] 10-75 
WP 17 | 14.47 13-14] 10.78 12.60 | 11.42 
Als Elk [3-911 11441 13-34 | 12-09 
IT APE: rie 427045 
L 2014.80 15-40 [12.69 14-82 | 13-43 
1 276. 17.8 1236 2 
4% 4 ?| 13 47 7000039 16.30| 14-77 
Har | 23 19-27 «4% 14-59 17-04 | 15-44 
165 1 ee 
. 20 2 19.31 15.86 F _ 113-52 1679 
** Are 22.10 16.50 19-27 [17-45 
4 27 — 0 37 17.13 20.01 [38.13 
bb 2622.75 3 17-76 20.75 * 18.80 
4 13 2 e 8 42 18.40 49 19. 
1% 3 24.10 23.19 19-02 | 23.23 1017 
; 3134.85 23-96 19.60 22.97 25.82 
PP 1 1 24 74 2030 2371 21.49 
3315-20 2.48 22 23.48 
3.4.74 Le 8 21.57 25-19 22.84 
' 26 28 i 259 32.51 
30 9 27.83 12.83 26.6 24.18 
29.71 | 29.40 2 2 24 
321 x 23˙47 27.42 24.8. 
3437.51 9.37 24-10 28.16 25.52 
3931.2 90-19 124-74 28.90 26.19 
40 32. 8 29 64 26.86 
41 » 4 12 9. 26 01 - 1 3278 2753 | 
42 37 2 5 0 26.01 31.12 28.20 
43 * . 33. 27. . 31.6 23.87 
135-33 34.01 29 vi} 2.60 797 
44} 34-02 [279 3 29.55 
Js [3637 Penny} 33-34 22 
a | $7.74 HM re 4 34-0) 30.89 
7 | 33-84 MN ge 34-87 31-56 
451321 9 rl 37/0 - 
45 } 40.16 | 35.6 2 36.31; 32.0% (34-04 3 64] 45 
„lee 7 % % 33880 [35:35 (3500S 
SLA Poe liar b e 2 05 
| in. 3 — „ 1 
ILA. 14 powe * A Peint 4 point Law 


Lat 


41-77 


4147 
44 


78 
130 


4475 l 
25 . 18,94 118.33 


47419 49:09 


ky wy s 


OS amo Go oGQgQGwmcoccla 
4 . ** in * þ * — 


88289 
— | 


CM 


— we — — =”. — — 80 — 25 
- I * pf +. - 4 2 > 2 
= E b > b 
I 2 _ * 2.9 - x4 ST 7 : 2 22 
, < > - 
wid = EE 4 Sw 3 3 


ee St 
— a; 


— 2 #2 => a 


— 
. w + EE Su. 
Fu » oe - - 0 - r 


= 
2 — - 
1 
as 
$z . — 


= 


* 8 
1 —— 
o 


2 
N 


, — 
45 HA E 


3X7 
© «> 
8 


"=>. . 
4 * i; _ 


8 * ©» 
> 3 * 
4 i . * < 2 
c 2 Fs 


, 


—— — 


. 
. 
* 
4 
| 


1 


252 The Uſe of the Table. 
The uſe of the precoeding Table of Difference of Latit. and Departure, 


Nis is a large Table, giving the Difference of Latitude and Departure to 
de my Diſtance not exceeding 10000, and to every Quarter Point of the 
OM Pals. | ; 
The Courſe ſtands at the Head and Foot of the Table; at the Head it be. 
gins at . Point, ſo 4 Point, 4 Point, increaſing to 4 Points; at the Foot it be. 
ins at 4 Points, ſo 4 4 Points, 45 Points, inereaſing backwards to 74 Points, 
The Diſtance js placed in the two outermoſt Columns of each Page, under the 
word Diſt. on the Left hand Page, beginning at 1, and increaſing ta 50; on 
the Right hand Page, beginning at 51, and increaſing to 100. The Difference 
of Latitude and Departure ſtands under the Courſe at the Head of the Table, 
and over the Courſe at the Foot thereot,diſtinguiſhed by the words, Lat. and D-. 
r. In this Table, if your Diſtance exceed not 100 Miles or League; the Diffe-. 
rence of Latitude and Departyre will be given in Miles or Leagues, and 109 


Parts of a Mile or League: But it may ſuffice if the Difference of Latitude and 


Departure be taken only to Miles or Leagues, and tenth Parts of a Mile or 
League, with this Allowance, that if the Parts be 16 or more, inſtead thereof 
ſet down 2 Tenths, (which is 20 hundred parts;) if 26, or more, 3 Tenths; 
it 36, or more, 4 Tenths; if 46, or more, 5 Tenths; ik 56 or more, 6 Tenths; 
if 66, or more, 7 Tenths; it 75 or more, 8 Tenths ; if £6, or more, 9 Tenths; 
if 2S, or more, then make the Miles or Leagues of Difference of Latitude or 
Departure, 1 more than they are in the Table: As for Inſtance, inſtead of 19, 
16, ſet down 19.2 Tenths; for 27.27. place 27.3 tor 49.59, place 49.6 ; for 
52.78, place 52.3; for 76.96, place 77 ; for 758.94, place 79 Miles or Leagues. 

2. If the Diſtance be above 100, and not 3 this Table gives 
the Difference of Latitude and Departure in Miles or Leagues, and tenth Parts, 
being taken out at twice. | A | 

3. If the Diſtance be more than 1900, and exceeds not toooo, the Diffe- 
rence of | and Departure is given in Miles or Leagues, as ſhall be 
explained hy hat follows © | 

This Tab eis very uſeful in the reſplving theſt 6. Problems in Navigation fol- 
lowing ; provided, in the 5 laſt Prayers, the Diſtance either given or required 
exceeds not 190 Miles or Leagues. F | 
Problem I. The, Copirſe and Diſtance given q to fipd the Difference of Laxitude and 

ö Dehartuxe. | 
Example 1. 4 Sip ſails H. + rſt go Miles ; to. fied| the Difference of La- 
|  titnade, and the Departure, | By © 

On the heft hand Page ot the Table, over 6 4 Points, and right againſt 50 
Miles diſtance, you will find over the ward Lat. 14. 51, and io. - Dep. 47 85; 
whioh be ing contracted agcording to the firſt Rule foregoing, ſhews ybur Diff 
of Lat, to he 14, 5 Tenths, and your Departure 40.8 Tenthe as was required, 

intend A Ship ſalt, A. by N. half Baſt, np 


Latitude aud Departure. 
This mußt be takenpytof the Table at twice, after this following miaper. Ts 


Mily z to find the Difference of 


14.5, and right agginſt it you will find the Diſtonee o Leagues, ond the De- 


The Uſe of the Table. 75 


To perform this, you may account 1 at the beginning of the TI e 
10 ; and 1 to be 20 3, 3 3% 403 5, 503 And ſo % to be 1; 1, 
727 120 zand 20 to be 200 z zo; 300, 40, 490 3 50, 700; 60, doo z 10, UL, 
fo, boo, z 90, 900 3 and 100 at the end, to be 1000, 

According to this Direction, againſt 12 (which Rands for 420) on the Leſt- 
hand Page, over 7 ; Points, ttands 1.18 over Lat. and t. 4 over Der, which 
done, according to the ſecond Rule before given, vour Difference of Latitude 
is 11. 8, and your departure 119 4, Then take out the Diff. of Lat. and Dep. 
for the Remainder, which is 5, according to the firſt Rule aforegoing, and at- 
ter the manner of the firſt Example of this Problem ; ſo you will find Difference 
of Latitude to be 0-5, and your Departure 5.9 : This done, ſet them down, and 
add them together after this manner. 


iſt Lat Dep. 
110 —— — 11.8 —— 119. 

1 — 4.5, — — 5.0 
41 — — —— — — 124.4 


So that your Difference of Latitude for the whole Diſtance 125 Miles is 12.3 
Tenths, and your Departure 124.4 Tenths, | 
Example 3+ 4. Ship fails NW, by NA Welt, 915 Miles; to find the Differince 
of Latitude and Departure, | 

Under 3 4 Points, and againſt 97 (taken for 970) ſtands 97.91, and 57.78, 
that is the Difference of Latitude 179.1 Tenth, the Departure 599.3 Tenths : 
againft 6 ſtands 4.82, and 3.57, that is, the Difference of Latitude 4.8 Teyths; 
the Departure 3.6 Tenths; which added together, makes the whole Difference 
of Latitude 783. , and the Departure 531. 4, 

Example 4. A Ship ſails N. E. by N. half E. 7968 Miles; to find the Differ uce 
of Laticude and Departure. | 

To perform this, you muſt account t at the 12 of the Table to be 1003 
2, to be 200 3, 300; 4, 400. And ſo 10 to be 1000; 11 to be 1100; 12, 
1200 ; 13, 1300 ; 14, 1400: 80 20 to be 20:0; 30, 3000 340 4000; 30, 
5000 3 60, 6000; 70, 7000 ; 80, Roo, go, 9000; and 100, 10000, 

According to this Direction, againſt 59 (taken for 7900) and under 3 Points 
ſtands 6109 , tor the Difference of Latitude, and 5012 Miles for the Departure 
according ta the third Rule, Then take out the Differences of Latitude and 
Departure for the Remainder 6$, according to the firſt Rule, which you ſhall 
find to be 52:6, and 43. f ſo the whole Difference of Latitude is 6159 6 Miles 
and the Departure 5055.1 Miles. | | 

Problem II. The Gourſe and Diffprence of Latituds being given z, to find the Diſtance 


We 4 Depurturr, 
Example. A-Ship ſail N. . 


» 
If Welt, until ber Difference of Latitude be 1445 
League g te find the iſt auce, and — 1 f 

Look over 6 Points the Courſe in the Column of Latitude until you find 


probe l. Gon and Departure gi find. the! Differmee of Latitud 
roblem III. 1 tur give z..to. ' Difference of Latitude 
5 — the Dane, __, Example 


— 22 2604 8 4 
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Example. 4 Ship ſails SI by S f V until ber Departure be 45,7 Leagues; to foul 


the Difference of Latitude and Diſtance, | . 
Look in the Column of Departure, under 3 Points, until you find 4747, 


and right _ it you ſee 52-6 Lecgues, for the Difference of Latitude, and 


71 leagues for the Diſtance, | 
P ROB. IV. 1% D of Lat. and Diſtance given; to find the Cuy ſe and Departure 

Example. A Ship ſails 50 Leagues between the South and the Welt, untl her Different 

of Latitnde be 14.5 Leagues; to find the Courſe and —_— | 

Look over your ſeveral Columns in the Table, until right againſt 50, the 
Diſtance, you find 14-5 in the Column of Latitude, over the Courſe, which will 
Le n Points; and in the Column of Departure you will find your Departure 
to be 47 3 | . 

PRO B. v. The Diſtance and Departure given, to find the Courſe and Diff of Latitud:, 

Example. A ſhip ſails 80 Leagues North I elterly, until ber Departure be 53.7 Leg, 

to find the Courſe and Difference of Latitude. 

Look over the ſeveral Columns in the Table, until right againſt 80 the Diſ- 
tance, you find 53. in the Column of Departure; over it you will ſee 3 Points, 
or NW. by N. 3 W. and the Difference of Latitude (in the Column of Latitude 
right againſt 80) to be 59.3 Leagues. : 
PRO B. VI. The Difference of Latitude and Departure being given, to find the Cour? 

and Diffance, 

Example, A Ship ſails between the North and the Eaſt, until her Difference of Latitudt 

be 56.3 Leagnes, and ber Departure me to find the (ur ſe and Diſtance, 

Look over your ſeveral Columns of Latitude and Departure, until you find 
$6.3 to ſtand againſt 5 1.0, or the neareſt thereto, which will be under 34 Poiuto 
which makes the Courſe N E by N. E. and it ſtands right againſt 15 Leagues 
which is the Diſtance required, | 

P ROB. VII. How te work a Traverſe by the Tables of Latitude and Departure, 

Theſe Tables in the working of a "Traverſe, are both readier, and far more 


exact, than any Inſtrument commonly uſed for that Purpoſe. 
E zy min, then SE by S. half E 


Example. 4 þ foil SW by S.. 3) min, then &. 
47 min, then V. by N. 59 min. then WNIV, 62 min» then SW M 27 min, to find ti 


Difference of Latitude and Departure, and the dire Conrſe and Diſtance from the firl 


Place. 


Set down the ſeveral Courſes and Diſtances, as in the following Table 


10 
rr en e 


| Courſe | Dif, | Nertb | South | Eaſt | Weſt 
Poutn Weit by South | 37 30- 20-6 

South by Eaſt 39 | 38.2 07-6 

8 E hy 8 half E 47 36.3 | 29.8 

Weſt by North 59 i.; | 57.9 

j Weſt North Weſt] |- 62 | 237 Jah 
[South Weſt half Weſt! 27 117.1 209 | 
| =_ 35.2 | 122.4 | 37.4 | 156-7 
| | | 35.2 | 37:4 
d._ .2 Dep. | 119-3 


* 


of Latitude and Departure. 257 
Then by Problem 1. Find the Difference of Latitude and Departure for thoſe 
Courſes and Diſtances ſeverally, which place in their proper Columns, viz if the 
Courle be North eaſterly, place the Nifference of Latitude in the North Column 
(under North) the Departure in the Eaſt Column, (under Eaft :) If the Courſe 
be South eaſterly, place the Difference of Latitude in the South Column, (under 
South) an { the Departure in the Eaſt Column. If the Courſe be North weſterly, 
place the Difference of Latitude in the North Column, and Departure in the Welt 
Column. If tie Courſe be South Weſterly place the Difference of Latitude in 
the S»uth Column, and the Departure in the Weſt | 
As for inſtance in the foregoing Table, the firſt Courſe is South Weſt by South 
the Diſtance 39 * Becauſe the Courſe is South Weſterly, you muſt place the diffe- 
rence of Latitude 30.3 in the South Column, and the Departure 20-6 in the 
ii Column, as vou ſee in the Table. 
The like is to be underſtood of the reſt. Having found the Difference of 
Latitude and Departure for all your ſeveral Courſes, and inſerted them in their 
roper Columns, you muſt then add up your North, South, Ealt and . Co- 
59. ſeverally, and ſuoſtract the North and South Columns the leſſer from the 


* 


greater; and likewiſe the Eaſt and Weſt Columns. So in the Table, the Sum 
of the North Column is 35.2, of the South Column 122.4, of the Eaſt Co- 
lumn 37-4, and of the Weſt Column, 156.5; lubtracting the NorthColumnt 


the South, the Remainder is- , the Difference of Latitude Southerly q and 
ſubtracting the Eaſt Column from the Weſt, the Remainder 1; .*, is the De- 
parture Weſterly. = 

Having the Difference of Latitude and Departure, you may find theCourſe and 
Diſtance by Prob, 6. Bur in this Example, Becaul* the Difference of Latitude 
84,2, and your Departure, 119.3, out run the | able, that is to ſay, you can find 
no ſach Numbers in the Table,, therefore take the halt of your Difference of La- 
titude, which is 43.6, und the half of your Departure which is 59.5, According 
to the Dirt et ion in the ſixth Problem, uver 41 Points, againſt 441, in theColumn 
of Latitude, you will find 59 4, in the Column of Departure, which are the two 
neareſt Numbers in the Table and in the Calumn of the Diſtance 94, which be- 


' ing dyubled, is | 45, the Diſtance ſought, The Courſe is between the South and 


the Welt, becauſe the Difterence of Latitude is Southerly, and Departure Weſt« 
erly, therefore the Courſe is South Welt { Weſt, which was required 

ut one of the Principal Uſes of this Table is to determine the difference of 
Longitudein daily Reckonings, by -__ the twoLatitudes and Departure given. 
which it performs with all defirable facility, And is alſo very uſeful for the eaſy 
forn.ing of a Sea Reckoning or Journal, as ſhall be inſtanced in this following . 
Table, . Journal from the Lizard to Barbadoes. 


A Journal of eur Fryage, intended by God's Pri miſßon from the Lizard in Lat, 49 deg» 


53 min, Norib, Longitude Wef# from London os deg. 14 min. To the Iſland ef 
Barbadoes, i» Latit. 13 deg- 10 min. North, and Longitude from London, ; 
deg. 3 min. Ne, The D. fference of Longitude 52 deg- 49 min. The Courſe South 
49 deg. 53min. Welt, or SW, 4 W fere. The Diftanct 3422 Miles, The Lizard 
bears North Diſfant 25 Milet, March 23, 1724, 5 

ö | | ays 
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The whole Difference of Longitude f *. o min, which is 
31 deg. 49 min. Weſterly, 


The Explanation of this Fourual, * 


In this Journal there are Eleven Columns; The firſt contains the Days of the 
Month; the ſecond the Month of the Year, and Latitude hy Obſervation z the 
Third ho Courſe correted, by the allowance for Lee way, or for the Yariation ef 
the Compaſ, if there be any; the fourth the Diffance ſailed ; the fifth, ſixth, ſeventh, 
and ciphth, the Northing, Soutbing, Eaſting, and Vellig, being the Differenet ot 
Latitude and Departure of the ſeveral Cour and Diffances ; the ninth, the Lati - 
— by en Ig z the tenth the Diff. Longitude the eleventh, the * 
ſt Diff, mide, 
ere l would adviſe all that are deſirous to give a goed Account of their Rec 
koning, to any that have Reaſon or — to demand it, That they keep a 
particular Account of that which they ta ke off the Log-Board every Day at von, 
either in the ſame Book where they N or elle in a Book di- 
ſtinctly for that purpoſe, commonly cal 3 I 
R N | J ov 


* 


* . 


1 — 
: I * -. * * * 
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1238 How. to deep a Journal at Sea. 
Y Now the manner of proceeding in this Jou rnal, by the wh of the Table of 
„ Ttitude and Departure is very facile, as follows z the 224 vf Mareb at-Noon, 1 
find the Lizard to bear North, and to be diſtant about ag Miles or Minutes, 
therefore Lam to theSwthward of the Ligard 15/4 which 237 place in the South, 
Wi Column, and that makes my Latitude 49 30% | 

t The 234 Day my Courſe is 8 W. and the Diſt inee 1137, to find. the Difference 
of Latitude and Departure by the Table of Latitude and Departure, according 
ta Preh 1, The Difference of Latitude is 79 2, and the Departure 99,2, Becaule, 
the Courſe is South Weſterly, I place the Diff. Lat in the South Column, and. 
my Departure in the Weſt Column, 75“ or 11% ſubtracted from 49® O30“ give 


the Latitude 48“ 117 


How to find th Difference of Longitude, 


To find the Difference of Longitude, in the two laſt Columns you have bothLa- 
titudes 4d 11% and 49 zo“ (the preſent Latitude, and the Latitude of the Day 
before) and Courſe 8.\V. by. which you may find 'the Diff. Longitude, according 
to the Proportion in Chap. 6. Prob, 3. of Aterrater's Suiling z, ſay ng, as Radius is 
to the Meridional Diff. Lat, So ls the Tang. of the. Courſe, to the Diff. Long. 
This TN wrought by theLagarithme, or Gwnter's Kale 8 

ſerve in this Caſe) you will Had the Diff. Longitude 120 which place in the 
Weſt Column, begauſe your Courſe is Weſterly. 

The 24th Day is m_ after the ſame minner of the 234, having the Courſe 
and Diſtance given to find the Difference of Latitude, Departure, and Difference 
of Longitude as was ſhewedl before. | S: 

And here we thought ty have entertained the Reader with Directions for finding 
the Difference of Longitude by Inſpection, in the Traverſe Table; but our Table 
in this Buok being only to overy Quarter point of the Compaſu, it is not ſo fit for 
that Purpoſe, and therefore ſhall rather recommend theLearner to the laſt Edition 
of the Mariners New Kalendar, where there is a Traverſe Table to ey ery Degree, 


and Directions at large, for finding the Longitade thereby, 


Haw to corre your Reckoning by Obſervation of the Latitude. 


On the 24th of March, by a good Obſervation, I find my Latitude to be 4) 
whereas by the Reckoning I ſhould be in the Lat, 47 157 ſo that the Difference 
w 15“ more Southerly : Therefore to correct my Latitude, I place 15“ in the South 
Column, which ſubtracted from 47 157, makes my Latitude by-Reckoning to 
gree with the Obſervation, To Correct your Departure, you muſt conſider, whe: 
ther the Fault be imputed to your Courſe, or to your Diſtance: If your Couiſe 


7 be well ſteered, and you find ro Current, nor any Variation of the Compaſs, then 
4. } our Diſtance is faulty; but if you cannot truſt to the Courle ſteered, then you! 
5 eſt way is to correct your Latitude only, not meddling with your Departure. I 
188 there be a Current and you know. which way the Current ſots, and how faſt, then 
1751 allow for it, as you are taught in Page 38, of this Book. But if you only by ſue 
wes probable Reaſon conjecture there is'a Current, then give what allowance Je 
. - think meet in Diff. Lat. and Dep. and ſee if that will reform your __ 


5 N — 


Mo 


Bo is the Diff. in the Departure, —— 


Ho d lee u Journal at Ss 179 
your Latitude, If ſo, you have gueſſed well z but if it will not, It ds to be fu 
ſed that you ate miſtaken in your conjeRure, or that there lu ſome other cau 
of this Error — * — 

lf the Com paſt varies (a molt commonly it doth) then finding what the Varl- 
ation le, and which wayit is, you mult allow it in the pol grin But if you 
cannot impute the Error to any of theſe, then (av l ſald before) the Diſtance i» 
taulty z and this is that which uſually makes the Difference between the Lati. 
tude obſerved, and the Latitude by your Reckoning i And this I take to be the 
cauſe of the Error this 24th Day of Mareb, and generally in this Reckoning. 

Now to correct your Departure and Diff. Longitude, when the Error is in the 
Dance; you muſt add up the North, South, Ra and Wyſt Column, from the Nay 
that you eorrecbto the beginning of your Journal Table, if it be the firſt Correc- 
tiun you have made, or from the uy of Correction to the laſt Corre Alon; if it 
be the ſecond, third, fourth CorreRion, ee. then ſuhtract the Suns of theNorth 
and South Columys from each other, and likewiſe of the Eaſt and Welt, and 
{ay by the Rule of Proportion t As the Diff of the North and 8vuth Columns, 
tothe Diff of the Eaſt and Weſt Columns; fo ls the Difference between the La. 
titudes by Obſervation and Reckoning, to the Diff in the Departure j and tor 
theDiff, Longs As the Diff. between the Latitude: byObſervationand Reckoning, 
to the Merid, DIFF, of thoſe Latitudes ; ſo is the 
Diff. in the Longitude. 

lixawple, The n Day you will find the Sum of the North Column oo, the 
Sury of the South Column (leaviag out t 5 minutes, the Error) 16448 minutes, 
and therefore their Difrence is 164.8, 'The Sum of the Raſt Column ls co min. 
»f the Well Column 1 a449 and their Difference 144.9, Then the Operation by 
the Logurithms will be, | 4 þ 

0, AF. 


Ai the Diff. of the North and South Columns 164 83.ä— 771304 
To the Diff, of the Eaſt and Welt Columns . — 124.9— 4.00630 
$80 is the Diff. between the two Latitude. 15,0 mn 1.17609 


To the Difference in the Departure — 1% 7,059 


Place this 11 Minutes in the Hat. Column, becauſe the Sum of the yt Co- 
lumn exceeds the Sum of the Eaſt Column. 
in this Operation we negle&-the"Tenths of the Departure, as not to be re- 


garded, 
The Operation for the Diffirence in the Longitude, 


The two Latitudes are 47 deg. 15 min. and 47 deg: oo min. by which in the 
on of Acridional Parts you will find the Meridional Diff. Lat. 22 1 
ore, Co. Ar 
As the Diff. between the two Latitudles 1 — 8.8235 b 
To the Merid. Dift. of thoſe Lat. — — — nn 1,342 4b 


11 ð⁰— 1.04139 


iff, in the Departure, to the 


To the Diff. in the Longitude. . —— — pnnnnn—— F120) 12 


K k 2 


This 


— 


266 


of Merrator's Sailing: 


| . fourth, or ſixth Colum ni, you have their Correſpondent Logarithms ; as for inſtance, 


| tains only all Numbers under 100- 


* | _—, | 
* g 4 * * 

De Uſe of the” Tables of 

Thie 16“ is placed in the % Column, becauſe the Departure is Weſterly, 

After the lame manner are the Corrections made in this Journal on the 30th of 
March, the gh, the tb, and the 2otb Days of April, the Error being ſuppoſed to 
be in the Computation of the Diſtance. | | 

It your Ship fail ſeveral Courſes in 24 hours, you muſt find your Diff. Lati. 
tude and Depart. by working a Traverſe, 4 to Prob. 5. in the Uſe of 
the Table of Latit, and Depart. your Diff. Lat. will give yon what Latitude 
the Ship is in, then have 1% two Latitudes, vir the Lat. the Ship was in the 
Day before at Noon, and the Lat. the only is now in, by which you may fn 
the Metid: Diff. Lat, . Table of Metid, Parte according to Chap, 6. Prob, 1, 

hen for your Diff Longitude, (ay, 


At the Diff. Latitnde ford by the Trave 
Tv the Dif —— —4 Paytt i ſt 


ds it the Departure found by the TYaver 
To the Df ita 75 le ob 


Ty — we whole Diff. Longitude of the two Ports between which you make 
our Voyage: 
a Add by Columns of the Nast and Well DIC, of Longitude. and (bin! 
the one from the ather, the Remainder redue'd Into degrees and minutes, | 
the Difference of Longltude ſought 
In this Journal the Zum of the Weſt Column af Longitude ls 41500, the 
Bum of the Eaſt Column {s 1,6 therefore the Diff, of the Kad and Welt Column 
of Longitude is 31 69.0, which reduced into Degrees and Minutes, makes 54 
49, the Diff Longs between the Lizard and the Harbadorr, 


The Uſe of the Table of T, en Chiliads, or Tim Thouſand Logarithmi, 


* firſt Page of this Table is divided into fix Columns, of which, the 
firſt, third, and fifth are Natural Numbers, and againſt them in the ſecond, 


I deſire to know what is the Logarithm of 5y ? I look in the Columns under 
[Num] and find 57 in the third Colum, and againſt it in the fourth Column, 
(under Logar,) I find 1.) 55875. the Logafithm of 3 required. This Page con- 


The firſt Column of the following Pages, contain Numbers, increaſing in their 
Natural Order from 100 to 999, and with the Figures at the top they extend to 
9999; for the Uſe of which, 

If your Number conſiſt of 3 Places, as ſuppoſe 469,find your Number alway 
in the Grſt Column of the Left-hand Page, and againſt it in the ſecond Column 
{under ©) you have 2.6711 728, the Logarithm of 469 required, 

But it your Number contain of 4 Places, (as 5678) find the firſt three Figures 
\* 14h the Lett · hand Column, and the laſt Figure (8) at the top, and in the 

bmmon Angle you have 2.7541954, the Logarithm required; only obſerve this 
general Rule, that the firſt Figure of the Logarithm towards the Left-hand muſt 
always be leſs by one, than the Number of Places contained in the propoſe! 
abſolute Number, Thu 


- 
_ 


Logarithme, Sine, Tangents anWecants, 261 


$678 0.7341954 

| s 56.78 1,7 541954 
Thus the Logatithm of, $61.3 516 <2 754r954p Oc, 

4 5673 3.7 541954 

56180 4.7 541954 


2. A Leg. being given, to ford the correſpondent Numbur, 


Wie. It the Rell Figure vf the given Log be (o) then by the foregoing Rule, 
the Number ſyught conſt of one Place (fit bo or it Met owt wee \ 0 * 


if it be 05 ) of three Places; iF it be (3) of four Places, Er. . 
Let the Log. be 69030900) this Lug. will be found in the rſt Page of the Tu. 
ble againſt (v) Which ſhews that (8) is the Number ſought, 
Let the Lot be 1.9 199 fBt the luden of Beſt Figure being 1 the Number con 

ting but two Places, vii Under too. thetefore look iy the Ret Page for the 
yiven Log: and agent it you have f, the Number required, * 

10 the Adee, look down the (eeund Column of the Left:hand 

Pages untl! you may — propoſed, and againit it tn the ft Column, 
Ou Ra ve 679, ' 

[et 1105 be the Cg: en look down the ſreend Column betore,and 
you will find the nearelt left to be 4.9 e, and the Number againk it la 911 4 
and erofflng the Pages, a4 before diredted, under (4) you will have the given 
Leg, Therefore the Number ſought ls 9 46, 

| * the glven Log, be 49664479 z If you look in the Table, according to the 
firmer DireQions, you cannot find any Log, the fame with this here given; and 
this is commonly the Caſe in the Uſe of the Tables; but then you muſt flud the 
neareſt, being in rhis Caſe leſathan the Log, given, vit. 3.966423 3: and the Num · 
ber anſwering thereto is 9256, which is the neareſt in whole Number:. 

Let the given Log, be 1:9205407 look down the left hand Column ag before, . 
for the next leſs, which is 2.9201233,the Number againſt which it ſtands ia 832 4 
then looking through the Pages againſt 832, you find under 8 at the Top 
29205407, the four figures anſwering thereto is $328 ; but becauſe the Indexor- 
felt figure of the given Log, is 2, the Number muſt contain but two places, ane 


the is a Decimal Fraction, ſo that 83-28, vit. 83 ad is the Number required, 


The Uie of the Table of Artificial, er Logarithmetical Sines, Tangents, 
and Secants. g 


HIS Table contains the Zogarithmetieal Sines, Tangents, and Steants 
1 Degree and Minute of the. Quadrant. "wy 4 of evny 
1. To find the Size, Tangent, or Scant of any Degree and Minute, 


If the Degrees be leſs than 45, — Sine, Tangent, or Secant, is found in 

thoſe Columns which-are diſtinguifhed by the Words (Sine) (Tang. )(Seoant ) at the 

head of the Table, and their Complements in the Column Titled at the foot. 

But if the Degrees exceeds 45, then _ Sine, Tangent, or Secant, is found 

in thoſe Columns which are diſtinguiſhed by the Words (Sine) (Tangent) (Seeans) 

at thefoot of rhe'Fable; and their Complements. thoſe Titled at the oh 
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nutes exceed 30) in the Column of Min, under (M) you muſt look for 4) min 
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e Ne of the Tell 7 


gu ppoſe you were to Rnd the Lug. Sine, Tangent of St ant of 44% t1''t Look 
Th Wehe bead of the Table, and upon the lef hand Page in the Col 
Minutes, under the Letter (M) you will det Jad again 1B“ and vader d, 
-at the head of the 'Vable, you will find 9.6664, Which de the Log. She gf 
31 1271 and ayainſt 12%, and under Ting.) you have 919991369, the Z | 
. of + and agalnſt 17, and under (Seat) you have 16.094 j305 the ty. 
tant of 42% tab, | | 

 8uppeſe you were to find the beg. Sine Tanzent By Sreant of 3% 4% Look 
| vd the head of the Table, — upon the right hand Page bc the M 


and againſt 4y min, and under (Se at the head of the Table, you will fad 
9797231), * Sine of 37 deg» 47 min, And againſt 4% and under (Tang,) yy 
will find 9.88947 14, the Tang. of 3) deg. 47 min. And againſt 4). and ante 

/(Strant) you will find 104021855, the Secant of 37 deg. 4 min. 

"  Suppole you were to find che Log, Sine, Tangent, or. Sr ant of 64* 15' Turn ty 
64 at the foot of the Table, and upon the right hand Page, in the Columnyf 
Minutes, over the Letter (M) look upwards for 15” ; againſt 15“, and over (5) 

gat the foot of the Table, you will find 9.9545793 the dine of 64* 15” ; andy, 
gainſt r5', and over(Tang.) you will find 10-3166443 the Tangent of 64* 13 And 

.-againſt 157, and over cer) you will find 10.36 20649, the Secant of 64® 1/, 

< Suppoſe you were to find the Log Sme, Tangent, or Secant of 78? 45 Turn to 5 
at the — of the Table, and upon the left hand Page (becauſe the Minutes excel 

zo) in the Column of Minutes, over (M) look for 45, againſt 45, and over (Sm) 
you find the Sine of 78 45” to be 9.99 15739, and the Tangent in the ſame Line 
over (Tang.) to be 10-7013382 z and the Secant over (Secant) to be 10.709764z, 

2. A Log. Sine, Tangent or Secant, being given; to find the Degree and Minute 
. anſwering thereto, | 

This is but the Converſe ot the former; but that you may-the more readily tun 
to the deg ·˖ and min. required, take this brief Direction. 

If it be a Sine, and the five firſt Figures be leſs than 9 8494, or a Tangent lel 
than Radius, or 10 0000000 ; or a Secant, and the fix firſt F igures leſs than 10 1505; 
then it is a Sine, Tangent, or Secant of leſs than 45%, and is to be ſought in thol 

*Columns diſtinguiſhed with (Sine) (Tangent) (Secant) at the head of the Table ; but 
Lit the Sine, Tangent, or Secant, exceed theſe reſpective Numbers, then the Degten 
canſwering thereto are more than 45, and they are to be found in thoſe Column 
« diſtinguiſhed by (Sne) (Tangent) (Strat) at the foot of the Table. 

Suppoſe you were to find the Degree and Minute correſponding to this Si 
-$490345329 : This _ leſs than 45, I run over the Column of Sines diſtinguiſhel 
b J at the top; and under 30“, and againſt a1”, I fin the given Sine. 

Suppoſe J were to find the Degreet and Minutes — to this. Tung eee 
This being greater than 43% I run over the Columns ot Tangents, diſtinguild 
-efl by (Tang) at the foot of the Table, and over 6y®, and. againit 39 find 
the neareſt being greater, vlg. 10.3863 594, and th the deg. and min. co 
reſponding 4 6) 40“ | 

t, Notes If you are to find the Sue Complanmt, Tangent ment, or Sd 
»Complement ot any Degree and Minute z as ſuppole you. were to find w— _ 


1864 Thetth 7 the Tables of Lari, &c! 
7” - ofthe left Term, and the Sine, Tangent, + uf the fecond ang third Tem 
A wdd them all together, and the Bum rejeRting Radius, is the angent, &, 


"= | ſou ht, ' 8 6 f 
r Hay, A fine 297 x07, to the Sine of 36 yy © is Sine of 4 3% t 
A4 a fourth Sine 'required, The Sine of 29" 30 is found in the fir Column, 
cetefore for its Co, . ſet down the Secant found again it in the laſt Column, 
© © rejefing Radius, (which is the lame as if you found Co, Ar. by Subſiraftion) and 
I1.t1ꝛ will and thys 1 

| 0. Ar, 


* * As SING eons «4„ñ%„: conunns conan — 290 30. ———— 0. 30661: 
To Sine. of — . — — — 36 11t— — — En Yarns $.919846z 
Fo Sine . eee eee 23 17 — — — 9.45098 1 
Vo Sine g— — — — 41 11— — — 96 ag" 


2 — | » - 4 8 » . . 
— 
| EL ens 


xx - . * 2 
— 5 * 


. | 
N The Reaſon of thus changing Secants fpr Cv. Ar, of Sines, c. is evident te 
17 thoſe that underſtand the Natural Propoſition of the Sines, Tangents and ge. 
7 5, » .cants amongſt themſelves ; which Proportion may be eaſily Demonſtrated b) 
che Principles and Natural Conſequences of Geometry. 
| . | 
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Num, | _Logar. _ 
t | 0.0000000 
2 | 0,3010300 
3 0.4771213 
4 | 0.60206c0 
5 o,6989700 

. | 07781513 
7 08450980 
9 
10 


131119 
11342499 
1901777 


190i 
1.39794 


1445771 
14319898 
1447190 
14 I 
4771113 
14913617 
Were 

I - 


VS, 


A Table of Logarithm: 


For Nurfitters increaſing in their Natu- 
ral Order, from an Unit to 10, 000. 
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2.323054 
243255197 
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2.311299 
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23740147 
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23776704 
2.3794868 
2.38 12956 
2.38 30969 
2.3848908 
2.3866773 
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2.3902284 
2.3919931 
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243723596 
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2.3796680 
2.3814761 
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2.38 50698 
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2.3886340 
2.3904052 


23921691 
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13450579 
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2, 8 45 
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2.3743817 


— — — 


2.3762118 
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2.3798492 
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2.3923452 
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243559345 
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2.359645 
2.3615390 
23634239 
2:365 3007 
2.3671695 
2.3690302 
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2.374651 
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2.3782161 | 


2.3800302 
2.3318368 
2.3336359 
2.385427 
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2,3889888 
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2.3925211 
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n ie, BBW rr 
250 | 2.397940 2.298117 | 2.398 2873 2:3984608 
251 | 2:3996797 23993407 2. 4000196 2.001923; 
252 | 2.401400 2.471572 2.401741 244019172. 
253 | 249031205 | 2:4032921 2:40346 37 24403352 
254 | 244045337 | 244050047 we 754 | 2.403 34% 
25 2:4055402 1 2.4068 507 1 
25 2:493 2400 | 4.408409 2.408 5791 | 244037486 
257 | 2:40g9933t | 444thto2t 24102710 | 24104398 
253 | 244ti51g7 417880 | 4119562 | 244121244 
25g | 2:4132gg5 | 244134674 | 444136350 | 244135025 
260 | 444149733 | 444151494 | 2i41539fJ | 24154742 
251 | 244156405 | 444153069 | 24169732 | 24171394 
262 | 4441530913 [4164676 a4 196147 2:4187g53 
263 | 2:4199557 2.420206 [2.420286 2442044929 
264 | 44216939 2.427684] 2.421932 2+4 329972 
255 | #+4232459 | 2+4234997 14313209 24237372 
266 | 244748516 .] 2.420449 | 2.422090 [24253712 
267 | 2+4255113 | 244266739 1 2:4 209999 
268 | 244231345 | 2-4252968 | 2.428458 2:4 286207 
269 | 2-4297523 | 2:-4299137 | 2.4300751 | 2.4302364 
270 | 2.4313635 | 24315246 | 2-4316353 | 244318460 
271 | 2.4329693 | 24331295 | 24332597 | 244334498 
272 | 2.434568g | 244347235 | 2-4343881 | 2-4350476 
273 | 2-4361626 | 24353217 | 24364507 | 24366396 
274 | 2-4377506 2.437909 | 244380674. | 2-4382258 
275 | 24393327 | 2-4394906 | 2-4396484 | 24398062 
276 [2.440909 1 | 24410654 | 24412237 | 2.441350g 
277 | 2-4424795 | 24426365 | 2-4427932 | 2-4429499 
278 | 2-4440445 | 244442010 | 24443571 | 24445132 
279 | 2:4456042 | 2:4457598 2:4459154 | 24469709 
280 | 2+4471580 | 2.4473131 | 2.4474681 | 244476231 
231 | 2-4457063 | 2.4488608 | 2-4490153 | 2-4491697 
282 | 244592491 | 24504031 | 2-4505570 | 2-4507109 
283 | 2-4517864 | 2-4419399 | 2.4520932 | 2-4522466 
234 | 2-4533183 | 244534712 | 24536241 | 2.4537769 
285 | 2-45438449 | 24549972 | 2-4551495 2.453018 
286 | 2.455366 | 24565179 | 24566696 | 244568213 
287 [2.45788 19 | 2.4580332 | 244581844 | 24553356 
288 | 2-4593925 | 2:4595433 | 24596942 | 2-4595446 
289 | 2-4608978 | 2.4610481 | 2.4611983 | 24451 3484 
290 | 2-4623980 | 2.4625477 | 2-4626974 | 244625470 
291 | 2.4638930 | 24649422 | 24641914 | 2-4643405 
292 2.465 3828 | 2.46555316 {| 2.4656802 | 2.4658288 
293 | 2.4668676 | 2.4670158 2.467 1640 | 24673129 
294 | 2:4683473 | 2-4684950 | 2.4686427 | 2-4687903 
295 | 2-4698220 | 2-4699692 | 2:4701163 | 2-4702634 
296 | 2.4712917 | 24714384 23 24717317 
297 | 2-4727564 |] 2-4729927 | 244732488 | 2-4731949 
298 | 24742163 | 2.4743620 | 2.4745076 | 2-4746533 
1 299 2.4756712 | 2.4758164 | 2.4759616 | 2.4761067 
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4: 4006 

2. 40209 
44039068 
2:49 55191 
2.40% 2209 
4.40 59160 
2.4 10005; 
2.1 2291; 
441300 
2415640 
4417364 
4:4 | 5963) 
2449615 
2:4 424614 
2423969 
244255 50 
2,447 16014 
2.425714 
2.430397 
2.433000 
2.435201 
2-43679 
2.438384 
2.43990 
2.441530 
2.443106; 
2.4446691 
2.446224 
2.44770 
2.449324 
2.450064] 
2.452399 
2.453926 
2.455454 
2-456 
2.458480 
2.499995 
2.461490 
2.462996 
2.464439) 
2.4659114 
2.467461 
2.468930 
2.470410 
2.471810 
2+47334% 
2.474199 
2,4 7025) 
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23988077 23989811 | 243991443 | 23993275 01999007 
2.4006 330 | 24907106 2.400832 | 24010447 | 14019292532 
240286914 | 4044333 2, 40360 | 244029771 | 4029468 
140787 1.404 14% [2.40430 | $4044g16 404665 
1.4086)8 14059 1.406000 4061994 4068309 
1.40% 9 J £,4074608 | 24077307 %%% | 24080703 
24090894 | , 4092567 | 24094259 | 240934950 | 14097641 
14107774 14458405 14111144 [41148 | 24114613 
44144606 | 4126485 2,4127964 | 14129643 | 413120 
244141374 | 2\4143047 | 44144715 2.414531 24148063 
$:4158077 2,4159744 | 24161419 | Udi 3076 | 14164741 
114174717 24176377 | 241 89 2:4179656 12 757255 
1419119 2.419947 | 2:4194601 mpegs | 2.419790 
2430780 2.4209 i 4411101 | 2442127 24214996 
2:4224257 | 2:4225 ? 2,4227439 | 24225180 | 24230920 
2:4240645 | 14242251 | 4243915 24245450 2,4247183 
2+4256973 | 24259601 2,4200000 2.426166 | 2,4263486 
24273238 | 244274861 | 2,4276454 | 24275106 24279727 
2.42 9442 244291060 | 2,4292677 | 24294293 | 2429590 
2.43055 2.4307199 | 2.4108809 | 244310419 | 2,4312029 
2-4321073 2.4323278 | 2,4324883 | 244326487 | 2,43280go 
2:4337638 | 24339298 | 2,4349396 | 244342494 | 244344992 
2.433666 | 24355258 | 24356851 | 24358444 | 2.4360035 
2.4269573 | 2+4371161 | 2.4372748 | 244374334 | 244375920 
24385423 | 24387005 24388587 | 244390167 | 24391747 
2.4421216 | 2,4402792 | 2444043658 | 244405943 | 24407517 | 
2.4416951 | 2-4418522 | 2,4420092 2.4421661 J 2,4423229 
2.442630 | 24434195 | 24435759 ⁴ 24437322 [ 24438885 
24448252 | 2,4449811 [ 2,4451370 24452928 244454435 
2.44638 18 | 2.446537 2 2.446692 2.448477 | 2.4470029 
2.4479329 | 24480877 24482424 2.4483971 | 24485517 
24494784 | 24496326 [2.447868 | 24499410 | 24520951 
2.4510184 | 2.4511721 | 2,4513258 | 24514794 | 24516329 
24525531 | 24527062 | 2.4528593 | 24539124 | 24531654 
2:4540823 | 24542349 | 24543875 | 24545400 | 24546924 
2.4556061 | 2:4557582 | 24559102 [24550622 | 2,4562142 
2.4571246 | 2-4572762 | 24574277 | 24575791 | 2472225 
24530378 2.4587889 | 24589399 | 244590998 | 24592417 
2.4601458 | 2-4602963 | 24604463 | 2,4605972 24607475 
24616486 | 24617986 | 24619465 2.4620984 | $.4622482 
2.4631461 | 2:4632956 | 24634450 | 24635944 | 24637437 
2.4646386 [2,4647875 | 2:4649364 | 2-4650853 | 24652341 
3 4 2.4662743 | 2.4664227 2.4655711 | 2.4657194 
2.4676081 24677560 | 24679039 | 24680518 2.468 1996 
2.46908 53 [2.46923 272.4693801 4555332 2.4696748 
2. 4705575 24707044 2. 4708513 2,4709982 24711450 
2.4720247 2,4721711 24723175 2.4724639 | 2.4726102 
2-47 34870 2-47 36329 2,47377 2.4739247 | 2,4749795 
24749443 124750898 247348857 2.475180 | 2,4755259 
2.476396 2.476418 | 2.476686 2.4768216 | 2.476976 
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24771212 
242 5665 
2. 4800069 
2.48 14426 
2.4828736 
2,4342998 
2.4857214 
2,4871384 
2.488 5507 
2.489985 
2. 4913617 
2. 4927604 
2.441546 
2.495443 
2. 4969296 
2.4983 106 
2.49 96871 
2,5010593 
2. 5024271 
2.503797 
2.505 1500 
2.506550 
2. 5078559 


2.509 2025 


2,5105450 
2.5118834 
2,5132176 
2.5145478 
2.5158738 
245171959 
245185139 
2.5198280 
2.5211381 


112.5224442 


2.523746 
2.525044 
2.5203393 
2.5276299 
2.5 289167 
245301997 
2.5314789 
2.5327544 
2.5 340261 
2723293 
2.536454 
215375191 
245390761 
2.5403295 
23415798 
292 
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2.4 


| 3 


I 
244772660 
= 7108 

01597 
2:4815559 
2.4330164 
2.4344422 
2.4 358633 
2.4872798 
2.4386917 
2.4900990 
2.4915018 
24929090 
24942938 
2.495683 
2. 4970679 
2. 4984484 
24999245 
2.5011962 
2.5025637 
2.5039268 
2.5052857 
2. 5066403 
25079907 
2-5093370 
2.5106790 
2.5120170 
2:5133508 
2.5146805 
2.5 160062 
2.5173279 
2.518645 


2.519992 
2.5212689 


2.5 238765 
2.5251744 
2.5264685 
245277588 
2.5290452 
2.5303278 
2.5 316066 
2.5328817 
2.534153! 
245 254207 
2.5 366847 


25379450 
2.392016 


2.5404 546 


2.417040 
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24774017 
„ e 
2.480294 
2.48 17292 
2.4831592 
24845845 
2.486005 2 
2.4874212 
2.4888 326 
2.490239 

2.491641 

29303255 
24944329 
2.4958218 
2.4972062 
24985462 
24999619 
2.5013332 
2. 5027002 
2.504029 
2.5054213 
2.5067755 
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2.5 148133 
2.5161386 
2.5174595 
2.5187771 
2.5 200903 


2.5213996 
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2.5 25 3040 
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. 245273876 
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245 330099 
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— 4 7 I 
2140 0 11 
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2.477553 
2.47 89991 
2.480438 1 
2.48 18724 
24833019 
2.434726 
2.481470 
2.4875626 
24889735 
24903799 
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24931791 
24945720 
24959504 
2.473444 
2.4987240 
2. 5000992 
2.5014701 
2.5028 366 
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2.505 5569 


2.5069 107 
2.508 2603 
2896552 
2.5 109469 
2.5122841 
2.5126171 


2.5 149460 


2.5 162709 
25175917 
2.5 189086 
2.5 202214 
2.5 215303 
2.5223353 
2.5241364 
25254335 
2.5 267269 


2.5 280163 
2.5 293020 


2520579 
2.5 318619 
2.5331363 
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2.531673 
2.5369370 
245 38 1966 
2-5 3945 — 
2.547704 
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2.4776999 
2.4791432 
2.480 5 8 18 
2.48 20166 
2.4834446 
2.482888 
2.48770 
2.489114 
2.490520} 
2.491921) 
24933186 
1 
24947110 
2.490990 
244974825 
2.4988617 
2.5002365 
2.501069 
245029731 
2.5043349 
245056925 
2.5070459 
2.5083950 
2.5097400 
2.5 110808 
2.51247 
2.513750t 


2.515078) 


2.5 164031 
2.517723 
2.5 190400 
2.5 203525 
2.5 216610 
2.5 229656 
2.5 242663 
2.5255631 
2.5268 560 
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2.5 2814%1 
223 
2.530 Il 
245 319559 
2.533235 
2.534 ih 
2*535 

2.5 370631 
2.538322 
21028070 
2.540 a 
9.542079! 
2.441327 
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34 
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2. 4807254 
CEL , 
24835 
2.48501 4. 
2.4864305 
24878451 
2.4892552 
2,4906607 
2.4920616 
24934580 
2,4343500 
2.4962375 
2.4976206 
2:4939994 
245003737 
245017437 
2. 5031094 
2.5044709 
2.505 8280 
2,5071810 


2.5085 297 
2.5099743 


2.5112147 
2.5125510 
2.5138832 
2.5152113 
2,5165354 


112.5178554 


2.519171 
245204535 
245217916 
245230958 
2.5243961 
265250925 
245269851 
2452827 8 
2.52955 5 
245 30539 
245321171 
245 333907 
2.5 346606 


2.5 359207 
25 dach: 


25297032 


9.449540 
2.422028 
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24779890 


244794313 
2,480868g 


2,4823018 - 


2.4837299 
2.4851533 
2.4865721 
244379863 
_— 
2.490800 

—— 
24935974 


2.4949890 
2.4963761 
24977587 
24991370 
2. 5005 109 
2.501880 

2.503245 

2. 5046068 
2.5059635 
2.5073 160 
2. 5086644 
2.5 10008 5 


2.5113485 
2.5 126844 
2.5140162 
2.515243 
2.5 166676 
2.517987 
2.5 193028 
2.5 206145 
2.5219222 
2. 5232260 
2.5245259 
2.5253219 
2.5271141 
2.5 284024 
2.5 296869 
2-5 309677 
245322446 
245335179 
25347874 
25360332 
245373153 
2453 223 
2,5 3993206 

25410798 
1447 
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244795753 
2.48 10124 
2.48 24448 
2.4838725 
24352954 
2.4867 

2488125 
2.4895 366 


2.49094 12 


2.492341 2 
244937369 


24951279 
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24978967 
2.4992746 
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2.50745 11 
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2.5141491 
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2+5272431 
24285311 
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2. 6 


— — 


2.485437 
2.48685 4 
2.488 2686 
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2.49108 14 
2.49248 10 
24938761 
2.495 2667 
2.49665 29 
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2.440680 2.5441921 2.5443161 '| 2+5444411 2344561 
2.543071 | 2-3454308 | 2-5455545 | 25456781 | 2.545801 
352 | 2-5455427 | 245466660 | 25467594 | 25459126 | 2.54703 
253 | 25477747 | 25478977 | 2-5480207 | 2.5481436 | 2-548266; 
354 | 2:5490033 2-5491259 | 2.492486 | 2.5493712 | 2.549493) 
355 | 2:5502283 | 2-5503597 | 2-5504739 | 2-5505952 | 245507174 
355 | 2.5514500 | 2-55157209 | 2.5516939 | 2.5518158 | 2.551937 
357 | 2-5526682 | 245527 2.5529114 | 2.5530330 | 245531545 
| 358 | 2.55338830 | 2:5540043 | 245541256 | 25542468 | 25543680 
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| _361 2273072 | 2:5575275 | 25577477 | 2:5578680 | 2:5579881 
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| 38; 2585775 2.578232 2.879353 | 2-5880475 | 2.588176 
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390 2.5910646 12822855 2.5912 38 5972985 ö 2.591 5095 
391 | 2.5921768 | 2.5922375 | 259239 2.59250 2.592620 
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400 | 2.6020690 | 2.621685 
401 2.6031444 | 2.60325 27 
402 2.6242261 | 2.56043341 - 
403 | 2-6053050 | 2.054128 
404 2.60638 14 | 2.6064888 
405 | 2.6074559 | 2.6075622 
406 | 2.608520 2.086330 
407 | 2-6095944 | 2-90g7011 
408 | 2.5 106602 | 2.6107666 
409 | 2-6117233 Rene 
410 | 2.5127839 | 2.612889 
411 | 2.6133418 | 2.513947 
412 2.148972 J 2-6150026 
413 2.159501 | 2.160552 
414 2.170003 J 2.617 1052 
415 [2.6180481 | 2.6151527 
416 J 2.6190933 | 2-6191977 
417 | 2-6201360 | 26202402 
418 | 2.5211763 | 2-6212802 
419 | 25222140 | 2-0223177 
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424 | 26273659 | 2:6274683 
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426 J 2-6294096 | 2-6295115 
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434 | 26374897 2-637 58g8 
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26226284 
2.0236627 
2.6246945 
25257235 


2.267509 
2627775 
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22620 
01 
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2.026025 2.5027 109 2.6028 1932.60 29277 | 2.6530361 
2.503685 | 2.503793 2.039018 2. 604 | 2-0241185 
2.6047659 2.60487 38 | 2-6049816 | 2.050895 28051973 
2.058435 | 2-6059512 | 2-6060587 | 2.806 1663 | 2.062738 
2.5069 185 | 2070259 | 26071332 | 26072405 2.6073478 
2.607990g | 2.080979 | 2:6082050 | 2.508 3120 | 2.084190 
2.689 2605 2.509 1674 | 26092742 | 2.509 3809 | 2-6094377 
2.6101276 | 2:6102342 | 2-6193407 [6104472 | 26105537 
2.6111921 | 26112984 26114046 2.611510g J 2-6116171 
2.6122529 | 26123599 | 2*$124660 | 2-6125720 | 26126779 
26133132 | 2.6134189 | 2+6135247 | 26136304 |}. 26137361 
2.6143698 | 2.6144754 | 25145809 | 2:-6146863 | 26147918 
26154240 | 2-6155292 | 26156345 2-6157397 | 26158445 
2.6164755 | 2-6165805 | 2-6166855 | 2-6167905 2.6168954 
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26468936 | 2-6469915 1 ·＋ 22 2.64728 51 
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2:64388477 | 2-64 9442 26490426 [2.649 1401 | 26492375 
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| 2.6507930 |. 2+6508go01 2.650987 1 | 26510841 2-6511811 
| 246517624 l 2.651893 2.619561 | 2.6520528 26521496 
2.6529 25 46428263} 2.6529229 | 2.653015 2.6531160 
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17770 
2,677971 
14 0 
2.679791 
1608500 
2,63 16039 
2,632506; 
2,68 3407; 
2,6843064 


2,685 204; 


2,6396640 
2.6905 505 
2.691432 
2.69231 

2.6931991 
2.694078 
2.694900 
2.695831 
165570 
2.697570 
2,69544% 


* 
. P f 
| LIT nnn 
e a TO EY og 
1 > 8 i G | 


n 


©. from 1 to 10000. 


5 6 1 2 2 2 
| 2.6536948 | 2.6537912 | 2:5533876 2.65 39839 2.540802 : 
26546578 2.6547529 | . 2.644956 2 8223 
2.65 56186 | 2.655714 oy — 267880, re. 
| 2-6565773 | 2-6566730 | 2:6567688 2670600 Rants 
2.5575339 | 26576294 | 2:6577259 : 7 Be 785 N 
don gon 255 6 10 2.0597261 | 2.6598212 
264056 2.6604850 | 2:660580g | 2.58067 38 | 2.6607706 
eh et 2.68 14340 | 26615287 | 2-6616234 | 2.6617181 
rn — 2.662300 2.6624745 2.6525650 2.6526634 
een 2.5642658 | 2.6643599 | 26644539 2,6645480 
HE. 2.6652056 | 2:6652995 2.667973 |* 2.6554852 k 
—— 2.666 1434 [26662371 [26663307 2,6664244 + 
233350 26670792 2.667172 | 6672661 2.607 3595 
22 1 2.56001 30 2.668 1562 [286 1990 2.065 2927 
* 9827 2.6689447 | 2.6690378 | 4.809 130 2.869 2239 
20 1 2.56 745 2.889 9874 | 26700604 — 1. 
* — 2.650802; 2:670 950 2.709876 2.6710 02 
A 26717281 2:67 18296 22 9 — 
—— 2.672651 25727442 | 26725365 [2.6729 267 
257117 26735036 2:6735659 | 467375479 | 25738500 
So x 2.6744937 | 2-6745856 | 26746775 10977 293 
rt 23777 2.674 $034 | 2.0 59991 2.67 
: 763762 1.8) 347 1.678479 f 2.8785 107 2.678802 
26025 2.678140 | .6784432 [6783363 — G7 $273 
5 1 4 | 2.679043 | 2:6791452 2 8852475 
* 701 2.679972 46080334 2.690141 | 2.680244 
25057862 26000 92 2.68067 | 26510602 22 
126675 26077 8 2667741 2 22 
2405255 20828805 2.85 27766 2682966 2,6829569 
2262457 26075677 | 26636775 268445 464476 
6845761 2. . 
2.684396 | 2:63844563 | 2 - 26873638 | 2488232 
2406185 26662717 2863807 2.6864575 | 26888346 
26861892 2.6862787 | 2:68636%1 — 3 2474 
2.871721 | 2-6872613 | 2,6573506 143 
75870545 26006770 26331528 | 26382418 2.6883308 
25809345 2.6889 535 | 2.6390423 | 2.6391312 [2.689 2200 
— 2.6898414 2.6899 301 | 2.900188 1 ll 
— —— 2.690775 [2.6908 161] 2.909046 | 2. 999930 
— 2.69 16119 2.69 17002 2.6917885 * 789 
22 2.6924944 ' 26925826 | 2.6926707 279875 
j 5 2.6 33752 | 2-6934631 | 2.5935511 | 2.0936390 
223 26344341 2.6943419 | 2.644297 26945174 
—— 2.5951313 2.6952189 | 26953065 2095394 
24950437 2,6960067 2.5952942 | 2.6961816 2,6962 
— — 2.6968 804 2 LEY ys — 
6978394 2.65 
2-6976652 | 2:6977523 | 2 2 25988834 | 
2.6935355 2.698 $7093. 5 19 


6224, 5 


- 
+ 
* = , 
* 1 an 2 8 2 , 
1 . 4 : 
4 i * . * % 2 
* 0 4AM * n > 


f Logarithms. © 


A TABLE 


| 


0 | 1 2 3 4 
- — — — — 
500 2,6997000 | 2:6990569 28951477 2.992305 2.993173 
501 2.699837) | 2:-6999244 2.700111 2. 0 2.701643 
502 | 2,7007037 | 2-7u07g02 2.700876) — 2.70 10496 
503 | 2.7015680 2.016543 | 2-7017406 | 2-701826g | 24701913, 
$04 | 2,702430; | 2.702517 | 2.7026028 | 2.0889 | 2.702775; 
505 | 247032914 | 247033774 | 2:7234633 | 247035493 | 27036352 
$06 | 27041505 | 247042363 | 2-7043221 | 2.044% | 247044937 
30 2,7050050 | 2.7050936 2.701% | 2:7052649 | 2-705 3505 
50 —_— $.7059492 | 2470 0347 2:10591201 | 2-7062055 
509 | 24706717 2.7068031 2.068884 [2.706973 20003 
510 | 2,7075702 2 6 $9444 2.70 7804 2,7075256 207079107 
$11 222084209 | 2-7035059 | 2-7055g095 | 2:70 6758 | 2-7057607 
512 f 247092700 | 2:7093548 2784735 247095244 27096091 
513 | 2.7101174 | 2.7102020 | 2-7102966 | 2.7103713 | 27104559 
514 2.7 109631 2. 7110476 2.711132 2.7112165 2.7 113010 
515 | 2,7118072 | 2.7118g15 27119759 2.7120601 | 27121444 
516 | 2,7126497 | 27127339 | 2.7128 180 | 2.7 129021 | 2:7129862 
517 | 2,713490 2.7135745 | 2-7136585 | 2.7137425 | 27138264 
518 | 27143295 | 2.7144136 | 27144974 | 27145812 [27146650 
519 | 247151674 4/64 ww 2:-7153347 [27154183 [27155019 
520 2.7 160033 2.7160 6g 2-7161703 A 247163373 
521 | 2.7168377 | 2.7169211 | 2-7170044 | 2.7 170877 | 247171710 
522 67370705 27177437 2.717336z3 | 2-7179200 | 2.7 180032 
523 | 2,7185017 | 2-7185847 | 2.7135677 | 27187507 | 2-7188337 
524 | 247193313 | 2-7194142 | 27194970 2.719579 J 2:7196627 
525 | 2.7201593 | 2-7202420 | 2.720324 2.7 204074 27 204901 
526 | 2.7 209857 | 2.7210683 | 2.721150 2.721233 247213159 
527 | 2.7218106 | 2.7213930 | 247219754 — | 247221401 
528 | 2.7226339 | 247227162 | 2-7227984 | 2-7228806 | 2-7229628 
529 | 247234557 | 2-7235378 | 2-7236198 | 2-7237019 | 27237839 
530 | 247242759 | 27243578 | 2-7244397 | 2-7245216 |- 2-7246035 
531 | 2-7250945 | 27251763 | 2-7252581 | 2-7253398 | 247254216 
532 | 2.7259116 2-7 259933 2,7250749 | 2-7261565 [27262350 
533 | 247267272 | 247268087 2.7 268901 | 2.7269716 2.72705 30 
534 | 247275413 | 27276226 | 2-7277039 | 2-7277852 | 2-7278664 
535 | 2-7283538 | 2-7284350 | 2.728 5161 | 2.7285972 | 2-7286784 
536 | 2.7291648 | 2.7292458 | 2.7293268 | 2.7294078 | 2.7294888 
BD A ee wok Doyetog 
537 | 2,7299743 | 247300552 | 2-7391360 | 2.7392168 | 247302977 
53 2.7 307023 2.7 308630 | 2-7309437 | 247310244 | 247311051 
539 | 247315888 Þ} 27316693 | 2.73174 | 2-7318304 [27319109 
540 | 247323938 | 27324742 | 2-7325546 22 27327153 
541 | 2.7331973 | 27332775 | 27333578 | 2-7334350 | 27335183 
542 | 247339993 | 2-7349794 | 27341595 | 2-7342396 | 2*7343197 |. 
443 [2.73479 8 | 2-7348798 | 2-7349598 | 2-7350397 | 2-7351196 
5442.735989 | 7356787 | 2-7357585 | 2.7358383 | 27359181 
545 | 27353955 | 2-7364762 | 2.7365558 | 2.7366355 | 247367151 
546 . 2.7371926 | 247372722 | 2-7373517 | 27374312 [2.7375 107 
547 | 2.7379373 | 2-7380667 2.381461 | 2.739 2254 2.738 3048 
548 | 2.7387806 | 2.7388 598 | 2.7389390 | 2-7390182 | 2.7390974 
| 549 | 2.7295723 | 2-7396514 | 2:7397395 2.733596 | 2.7399887 | 
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Num 5 | RE. 3 "SP Law 0%” FH 
' | 555” | 26594041 | 26594g08 | 25995776 | 2.6996643 | 2:6997510 
$01 | 2.700270g 1, 2479203575 | 247004441 | 27005307 | 2-7006172 
$02 | 27011361 | 247012225 | 2701zo8g | 27013953 [7014816 
$03 2.70 19995 | 2447020857 | 2,7021719 | 2.7022552 | 2:7023444 
$04 2.702612 | 2,7029472 | 2:7030333 — 2.732054 
$05 247037412 2.030% 1 2.03892 2.709788 | 27040647 
$06 | 247045794 7046652 | 27047509 2/048 66 4.704923 
50 2.7054360 | 2,7055216 | 2.7056072 2,7046927 2.7057783 
$0 2.7062910 | 2.7063764 | 2.7064617 | 27055471 2 
309 | 247071442 | 27072294 . 2,707 3998 2.7074850 
$10 207079957 2.70v40808 | 2.7081659 | 2-7082509 | 2.7083359 
511 | 2-7038456 | 2,7089305 | 2,70g0154 | 2-7091003 | 27091851 
$12 | 2.7096539 | 37097786 | 27098633 | 2-7099430 | 2.710037 
513 2.7 105404 | 2.7106250 | 2.71070g6 07107088 2.7108786 
$14 | 2-7113 $4 2,71146g8 | 2.7115542 oy s | 2.7117229 
515 2.7122287 | 2.7123129 — 4 2.7124813 | 2.7125655 
516 | 247139703 | 2.7131544 | 2-7132355 | 247133225 [27134065 
51 2. 7139104 | 2.713994 [2.140782 2.141620 | 27142459 
51 2. 7147488 | 2.7148325 2.149162 2.7 15000 | 2.7150837 
319 27155856 27156691 | 2-7157527 2.718363 [2.719198 
520 | 2,7164207 | 2.7165042 | 2.7165876 2.71687 10 7167544 
$21 2,7 172543 2,7173376 | 247174208 | 27175241 121757 73 
522 2.7180863 | 2.71381694 = cas 2.7133356 | 2:7184136 
523 | 2-7185167 2.7189996 2.719 326 S>7191655 | 2.7192484 
524 | 27197455 | 27198283 | 2-7199111 | 2-7199938 | 2.7200766 
525 | 2,7205727 7500 2.727380 | 2-7208206 2.780022 
626 | 2.7213984 | 2,7214809 | 2-7215633 | 27216458 | 2.721722 
52 2,7222225 | 2.7223048 2.223871 | 2-7224694 | 247225517 
52 2. 7230450 | 2.7231272 [2.232093 27232914 | 247233736 
529 2.723860 | 2.72394 2.7240300 | 217241120 | 2.7241929 
530 2.72468 54 2.724767 2 [2.7248491 [2.724939 | 2-7250127 
531 | 247255033 [2.725580 | 2-7256667 2.725743 | 27258300 
532 | 2.7263196 | 2.7264012 | 2.7264827 2.7265642 | 2.7266457 
532 | 2.7271344 | 2.7272158 | 2.7272972 2.7273786 | 2.7274599 
524 2.7279477 | 2.7280299 | 2.728 1102 2.728 191427282726 
535 [25267595 [27288406 | 2.7289216 2.7 2900 | 27290838 
536 2,7295697 2,7296507 2.7297316 2.7298125 | 2.7298934 
537 27303755 2.7304593 | 27305400 2.7 306208 | 2+7307015 
538 2.7311857 | 2.7312663 | 27313470 2.7314276 | 2.7315082 
$39 | 2:7319914 | 2.7320719 | 27321524 | 2-7322329 [ 2.7323133 
540 | 27327957 | 27328760 | 27329564 | 2-7330357 | 2-7331170 
541 | 247335985 | 2-7336787 | 2-7337585 | 2.733839 | 2.7339192 
542 | 2.7343997 | 27344798 [2.734598 | 2-7346395 | 2.7347198 
$43 | 2:7351995 | 247352794 | 2.735359 | 7354392 | 2.7355191 
544 | 247359979 | 242350776 | 2.7351574 | 2-7362371 | 2.7363158 
545 | 2.7367948 | 2.7368744 | 27369540 | 27370335 2.7371131 
5465 | 2.7375902 | 2,73756g6 | 2.7377491 | 2.737828 [2.737079 
547 | 2.7383341 | 2.7334634 | 2.7335427 | 2-7386220 | 2.73$7013 
548 | 2,7391766 | 2.7392558 | 2.7393350 27394141 | 2.7394932 
349 2.7399677 2.7490467 2,7491257 |} 2.7402047 2,7492337 
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2.740647 
2.74115 16 
247419391 
$:7427251 
2.743098 
2.7442930 
2.7459745 
2.74553552 
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1.748 1880 
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2:7 520454 
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2.758749 
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2.761175 
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7.7634280 
2.7641761 
2.7649 230 
2.765686 
2.7664 128 
2.7671559 
2.767 8976 
2.7686381 
247693773 
2.7701 153 
2.77085 20 
27715875 
27723217 
2.7730547 
2.77 37864 
247745170 
2.7752463 
2+7759743 
27767012 
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' 447 304416 
1.7412304 
17420177 
t 
2.7435881 
2.7 443712 
2.7451529 
247459332 
2:7467120 
0.74749) 
2.748265 
224885 
1.7498136 
1774337 
2,75135»1 
2.7141453 


4.76596 
27 544345 
2674516 6 
2.7 559510 
2.7567122 
247574719 
e 
2.758987 
2:7 597434 
2.7604979 
2.7612511 
2.7620030 
2.7627536 
2.7635029 
2.7642 509 
2.764997 
27657430 
2.7664872 
2.767230 
2.629717 
2.768712ʃ 
22887055 
2. 7701890 
2.709256 
2.77166 10 
267723951 
297731279 


2.7745399 
2.7753191 
2.7762471 
27767738 


599 27774268 27774993 


2.772897 
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2.740456 
2.741091 
2:7 420964 
2.742822 
2:7 436665 
2-74444p7 
2:74 2310 
2:7400111 
2.74678g8 
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rx hs tA 24 
2:7458g08 
2.7 506026 
27514331 
2:7 $ 14012 
2.749695 
2077384 
2.714012 
211275 
20567802 


2.757479 
27553052 


67590038 
2.7598 189 
27605733 
2.7613263 
2.7620781 
2. 7628286 
2.7635777 
2.643256 
2.7650722 
2.7658175 
2.765616 
2.761304 
2.763045 
2.7687860 
2.7695250 
2.7702627 
2. 7709992 
3 
2.772484 
2.773 2011 

2.7 739326 
27746529 
247753920 
2.7761198 

2.776846 

247775710 


1 
447483 
4.741860 


217421740. 


2,7 429577 
2:7437449 
2:7445277 
24745309! 
2:74655g5 
2:7463696 
247476448 
2:7 494206 
2-749 1950 
2.749568 1 
27507358 
2+7$15109 
2.751179 
2.7 530466 
2.738188 
97547777 
22210 
2.768642 
27570237 
2.7593519 
2.7591358 
2+7 595944 
2.706486 
2.7614016 
2.7621532 
2.762903 
2.76365 26 
tre 
2-765146 

2.765 89 20 
2.76663 j9 
2.7673785 
2.768 1199 
27688600 


2.795988 
2.703364 
2.77 10728 


2. 7718079 
27725417 


247732743. 


2.7740057 
2.7747359 
2.7754648 
2,7791925 
2.7769 190 
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247406784 
17414360 
27442537 
27410392 
2.743822 
247446059 
2:7453971 
2.746167 
7469454 
27477123 
2:7 454981 | 
2:7 4927 24 

2:7 $604 

27808108 | 
217414576 

2752355) 
217531232 
4.753093 
2+7546541 
2.764175 
2.75 1795 
2.769402 
2244777 
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247592144 | 
2.7 599699 
2.7607 240 
247614768 
2.7622283 
2. 76297856 
2.7637274 
2.76447 50 
2.7652214 
267659664 
2.7667 102 
247674527 
2.768 1940 


2:7696727 | 
2.7704 101 
27711463 
207718813 
2.77 26150 
27728755 
2.774078 
2. 7748088 
2.775576 f 
2. 7762652 
2.7769916 
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2.742372 

24743117 

247439015 
2:7 446841 
247454652 
247462449 
2:7 470232 
* 
1.748578 
2.749428 
2.7 501 225 


2.7 305939 
2.76 166 39 
2.752436 
47531999 
4.769559 
4.754705 
2.751477 
4.75626 * 
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2.75701 


2.757777 


27535334. 


2.7 592900 
2.76004 53 
247607993 
2.76155 20 
2.7623034 
2.730534 
2*7638022 
247645497 
2.7652959 
2 7660409 
2.7667845 
2.7075 269 
2.768 2680 
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7597853 
2.770483 
27712199 
2-7719547 
27726884 
2 
74151 
27488 18 
27756104 
2.7763379 
2. 7770842 
2. 0 » 2 
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27400303 | S7qogiot | 27409939 | 7410708 
2.741644 | 2:7417030 | 1174178179 | 24741867 
2,7444109 | 2474245gs | 47425639 | 4742646 
2.7431961 0743274 07439940 2174314314 
_ 47439799 | 27442492 | 217441365 | 7442147 
2,7447622 | 2,7448404 | 27449185 | 27449967 | 
2.741432 — — 177155. 217447774 
2,7463228 | 249454006 | 247454735 7465564 
2.747 100 | 29471787 27472564 247473341 - 
207478777 | 247479553 | 749% | 27451105 
27485531 | 27457306 | 27488049 | 247488854 
27494971 | 2.749044 | 374958 t7 | 27496590 
4. 50197 | 2:.750276g | 2175035441 | 247504312 
4.709710 247510480 | % 7941 
2.7174] 27518198 | 7947 [771716 
2.72094 | 2,752486a | 266429] 747397 
2.753766 27533549 27534298 | 27535065 
247549424 | 2,7541i5g | 27541934 | 47542719 
2:754806g | 2.7548832 | 217449596 27475235 | 
247555700 | 2,745646a | 7557224 | 47957957 
2.7563318 | 27564079 | 27564340 | 27555600 
2.7572922 | 247571093 2.7572441 | 247573201 
247578513 2,7 579272 2,7585030 | 247550788 
27586091 | 27586838 | 27587605 | 2,7559362 
2:7593658 | 27594412 | 217595168 | 27595923 | 
2,7601208 | 2.7601962 | 247602717 | 247603471 | 
2.7608746"| 2.7609500-| 2.7610253 | 27611005 | 
7616472 2,7617024 27617775 2.7613527 
2,7523784 | 2.7624535 | 2.7625285 | 247626035 
2.7631284 2,7632032 2.7632782 | 27633531 
- 2.7638770 | 2.763951 2,7640266 | 2.764114 
2.7646244 | 2.76469% | 27647737 | 27648484 
2.7653705 | 27654450 | 27655195 2.765 5941 . 
2.76611 2.7661897 | 247662641 . 5 
2688508 2.769331 [2.767 2.76798 16 
2.7676011 2.767675. 2.7677494 2,7678235 
2.7683421 | 2.7684161. | 247634501 | 27635641 
2-7690818 | 2.7691557 | 27692296 | 2.7693035 |. 
2.7698 203 | 2.7698940 | 2.7699678 [* 247700416 |} 
27705575 | 2-7706311 | 2.7707048 | 47707784 
2:7712934 | 2-7713670 | 2-7714405 [27715140 
2.7720282 | 2.7721016 dhe) + 207722453 
27727616 | 2.7728349 2.77 29082 2.77298 14 
2:7734939 | 2.772570 | 2.7736402 | 247737133 
2.7742249 2.774297 | 27743710 þ- 247744440 
2-7749547 | 2.7750276.| 247751095 [27751734 
2,7756832 pt It ou 2.775828% | 2.775906 |: 
| 2:7754106 | 2.7764833 | 27765559 [277662866 
2,7771367 | 247772693 2.7772 18 2778855 
27778816 | 2.7779240 | 2.7780065 | 2,7730739 
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417981518 
007190745 
27795965 
2.780317 
#7316365 
#731755 
2752472 
2.71 1887 
27439036 
07240173 
2.785 329 
2.78 0412 
2:7809514 
1 
2.788 1684 
1 
2.7 89580 
2.790285 2 
2.790988 
2. 7916906 
27923917 
2.79309 16 
27937904 
2.79448 80 
2.791846 
2.795 8800 
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2.939719 
2-9492176 
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2.945173 
2.945565 
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2,947629] 
2.9431194 
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2.95 10479 
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2.95 29171 


2-95 2501) | 
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2.953497 
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2.93 6765 
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2.94175g8 
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2.9452223 
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2.9462066 
2.9466978 
2.9471386 
2.9476787 
29471684 
2. 9486574 
2.949146 
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2.95 25503 
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1.91478. 
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29501701 
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2.964566 
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2.9777236 [29777522 
2.-9781805 | 2.9782262 
2.9786369 | 2.786826 
2.9790929 | 2-9791385 
2.9795454 29725939 
2. 98900034 | 2-9800488 
2.98045759 | 2-9805033 
2.9809119 | 2.980957 ; 
2.981 655 2.981410 
2.98 18186 [ 2.9818639 
2.9822712 | 2-9823165 
2.9827234 | 2.9827686 
2.983171 2.983 2202 
2.836263 | 2-9836714 
2.9849770 | 2-9841221 
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2.989448 [2.989494 
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2.98780 1568844 
2.9882467 2.882913 
2.9886927 2.988737; 
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9.806742411.193257 


83087172180! 1232 
$.8106834)11.189316 
8.8 12640711 1:1873593 
3.38145894!11-185410 
3.816925 11.183470 


8.818408 Dr 
a 11.179616 
8.82229 

8.8 24204 


7411119170125 
8.8317478]1 nr 
8.8 33613401 1.166386 
8.83547 121 1. 104528 


Secant, 


10.0008 10% [1+2143247 zo 


10.0008 18% 1142122641 41] 
10. 002651. 10213; 

10.008341 11061743 4 | | 
| [10,000842c]1 1.2061 4oeÞ26 
10,0008 45% 1. 041 18e 11 


100570 11.041065 

10.000865 Ut 11200102423] 
1 5 
10. ooo 18 t 1. 19812301 
— 3895 111941477 2c 


tovoo8g8ecſt 111921808) t 
10. oo gti. 192228. 
10. 009 14411 1. 188273070 
1000092261 141863332016 
10-0009 309] 1-1544015]15]/ 


10.5509 39201 11824783014 
10. 00947 5ſt 1. 18056373 
10. 00095 591 1.178657 51 
10,000g9643]11-1767596111 
1000097 2; 11,17457011IC} - 
10009812 11.1729888 . 
10. 00989711. 1711150 8 
10. 000998 311.1692505 7 
GN. 
5 


o. o too. 1.1673934 
10.001015J11.1637443 


t0.001024211.1637c — a 
10.010329 11.161 694 2+ 
0.001041 61 — 

10,0010504 11. 1582259 


10.010592 11.155641 550 


Secant 


LAY”. 


— — 


— — 
— — 


- ——_ _——_ 
/ - : 


w » 
5 


5 
— 


cw 


— 2 
4 1 - * * 
. a * 
— —— — — — 


— — — — a 8 — — 


| A Table of Artificial Sines, 


_ 4. Degrees. 


vl Sine, 
<Þ:$335835]3:9989408 
115.8453874. 9989319 


36.848970). 89 14 
5.8 507 512.9989052 
$]3:8525245]9-9985962 
$.856049 319-998578 
48.857801 9.998868 
968.8595457. 9988 59 


Is. 86301 39.998841 

128.8647376 .9988321 

K 358.8664 54 5.9988 22 
1418-868 1646 9988135 


(7418-87 1564619-993794 
1758.8732546˙998785 
1888.874938 1.998775 
958.8766150 9.998766 
-0j9$78285 419-9987 567 


1211$-8799493]9-9987471 


2288.88 16095 9987375 


(24$.883258119.99872 
2408.884903 119.9987 181 
1: $65418[9.998708 


N. 8881743 9.998698 
8. 8898007. 998688 
2868.89 14 2099. 9867 


Tang. 


[8.847 182719-9959230 


| 10.001 1038 11147475506 


8.8571713Jʃ 1.142 
8.8589 321011. 1410679 


18.865728 335.9988500 5.8624327]t 1-1375073 
8.8641725]11.1358275 
8.865905 511.1340945 
8.86763 171.1323683 
8.86935 11] 1.13064 
111289362 
| [10.0012053]11-128435 
:[10.0012147]1 1.1267 45443 


$9 [10-001 1£865[LI.131 
158.869 8680. 9988041 


111221513 
11. 1204714 


F [ſSecane, | 


185180521118T1 U 
10.501068 101 1.1 546126 5 
10.00 107701 1. 1528173 


to. oo 105 D 
10. oro 1. 14924600 


10001112901 1.145709 
10.00 1122001 1. 143950753 
10. 001131101 1. 142199052 
10.001 1402] 114045431 
10.00 1149 1141387167 
10,0011586]11.136g861/4; 
10.001 1679 fi 1.135 26244) 
10. 0011772 117357477 

354.46 
10,001 195g]t 1130132045 


10.00 1224211. 1250642 
o. 012337 11.123385 
10.00 1243301 1-1217146 


11.1171306, 
170. 0012722011. 11674193 
0. 0012819011. 115096936 


8.893035 19. 99866910 
838.8946433. 998659108. 


10. 00125 29011. 1200507 3g 
10.00 126251 1-1 18393150 


10. 0012916 17. 11345823 
10.001 3014111118257 
10.001311 11.110199 | 
10.0013210 L1,1085791 h 
10,001330g[l 1. 10690493 
10.001 3409] 1. 1053675 
—— — . 


Fine. ö 


Secant. 


r 4 lanai 


- Tangents, and Secants, © 
4 Degrees. 


ang. | Secant, | 


X.894643 36:59 6591 $.8959842]11-1040156 18001360) 111053567 
1806245 5|10:-99 86492] (9.8975 963[11-1024037| [19-001 ο½. 16 
. 18578410 $4738 8.89928268 11.100797. 10.001 3600 110102148; 

3 


2$ 
3.89943 24%. 986292] [8:-9008030Þ1 1.09919 70] [19-021 ot 1.100567 
9010168 p386191 $.90239771! 1.0976023] [19.001 350g]t t,0g8g983% * | 
6.902594. 8 60g0] [8-90359865] 1.09601 34] [19-991 391"11 10974045], L 
1.9041 60519.9985008| [3.905 761.9440 [12:0014012]t 1.095831 % 3 
11.9057 35810,0985886 888772 11.092 (2 LOCO TLGLIO94264 11 A2 
65.907297 5.998 57341888037 1991 1.091 28 10] [109-0014216]t 10927025, 9 
556.9088 53 59.998 568291028511. 0 774 10.001431 81 1.09 11465 
413.9 1040399. 998 5579 [391184691 1.088 1540] [10-0014421]1 1.089596 lac 
4.911948719.90985475| [8:9 134012]t1.0865g8% 10.0014525]t1.0880513 
4456.913488 119.9985 372] [8-9 145509] 1-0850491] flo. 0146281 1.0565 11918 ; 
43].915021919.9985 268] [8.915495 211 1.083504 10. 01473 41 0849781 17 | * 
46.9165 504%. 998 5 163] 8.9 1803401 1.08 19669 [10.00145 37]11-0334454} þ 
455.9180734. 98 505 80 8.919567 511.0804325 [10.0014942]i 1.081926 15 
45.9195 11.998495 — 11.789043 10. 01 50 . SD οαεν., 
5.921 1034%. 99848480 8.9226 18001 1.773814 0.001515 ff 1. 788 86 
5.9 226105. 998474 2J 8.9 2413631 1.07 58637 10.001525 1.07389 fal 
3.9241 1236,9984630] [8.9256487]11:0743513] oz f 887) 
50899. 99845 29] 8.927 1500 11.972844 eg 1102439 ie = 


515.927 10030. 9984422] 8.928658 101 1.713419 
526.9285866 12 8.930155 |: 10698448 
535.9300678, 9984207 [8.931647 f 1.06835 29 
546215439. 9984099. 13-933 13401 1. 0068560 
5.93301 509.998 2990 8.93461600f 1.65384 
593443 11.998388 10 8.93609 29.1 1.063907 1 
93594229. 9983772 [39375650] 1.06243 50 0.001622 11.064057 
93739825. 99 836630 [3.9390321]1 1. 0609679 10.001633 71 1. 06260¹ 
1.93384906.998355 3] 5.940444. 1.05950 10.0016447/11.06115 
[-94029606,9983442] [3.9419518]1 1.0580482] [10.0016558 


Tl Tang. | Secant | 


Sine. | : 
85 Degrees. — 


2 — 


IO 6881 w 


* 


* 
, * 
— 1 — 44 
. 


r 


ugs 8 


F . 
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A Table of Artificial Sines, 


— — 


| 


3,9402960-995 344! 
| 118-9417 376949933332 
9543174398322 
36.944606 3%. 9983109 
9.949335 98982887 
53947456 1Þp-998283s5 
48.5488 739.5982772 
8.950287 1.99826 
19951695 719-993254 
913-95 309969. 9982433 


13 95786783 9.998197. 
145.9600517 998185 
1568.961428 99981743 
[16 8. 9828014. 998 162 
17.284159 9.998151 

t3$]8:965 5337]9-9981393 


— ant oh x 4b 
21]8.9695999]9-993104 
2 6.575889 9.998092 


8 
28.972289 5.980 
8.973628 Jö. 980883 


1608.78 0 fc. 0; 


9408.9 5020 
29 1590790 9.99 


ZE 9.981728 9299 9960 


8118.955267 2]1 1.04.37 328; 


bs 8.60053 7 [8 


25 8.974624. 9 803638 


uy $:9796188[9-9g9803230 [8 
1818.5 


Sine. 


Tang. 
3941951811 1,0580g82 
9.542654. 11.0565956 
89448523]! 1:0551477 
8.946295 4]11-2537046 
849477335]! 1-05 22652 
8:9491676 11.508324 
8.9505967 9 
8.952041 11.047979 
8.552875 11-0465 00 
8.9548564J11. 0451436 


8.95767 35J 115423265 
8.959075 11.0409246 


5570 
8.961 651 1,0381341 


11,0353612} 
11.0339812; 
11,03260g6 
11.031 2342 
110298670 


I 100285041 


11.027145 


8.970133 
9.971495 


——— — — — — 


9.982250) 


11517763 
Wii 


110164231 


Tang. 


84 Degrees. 


Secant. 
18885167550. 575008 


10.00 10668 11.0582624 55 
10-001678c|11:056b257 53 


10. 001689 10110553937 


10.001700 L 1:05 3966s 5 
10.001711 11.525439 54 
1002201 105112615 
001734 49 (od. 
d.0017454]1 1. 048 3043 52 
[04001756711 1. 0469004 51 
19.017682 1.045 500% 50 


10.00177961 1.044 1060 4g 
10. 001791101 104271574 
10. oo 180201. 04132979 
10.00 1814101 1.03 99483 
100182571 1:03535712 45 
10.0018 37401 1.037 1986, 
10.00 184901 1.0358 3034 
10. 00 18501 1. 03446634 
t0.0018725/11,03 310661 
10.00 1884 411.0317513 
10.091 F 11.030401 0 
10.001907g]1 1.02905 32] 
to. 019 191.0277 % 
19,0019319]1 1.0263 
10,0019437]11:025037%); 
to001t98579]110237074) 
10.001987 T 10223819 
10.00 19 irt. os io 
10. 001i ißt 
10. 0 0 α 11518427 tht 


Secant. 


y Sine. L 


1 9515726 9.9979 960 
7.98288 2.99798 30 
2¼98418 899/9979717 
36.98 549 0%979593 


1045919429˙997 8975 
3948.993221 9.9978 50 
4 3994496599737 25 
1118.9957681[-4997859c 
46.99 70350. 9978473 

9.998 2994.997834) 


\ [14149995 5951949978 229 
151-0008 8c. 99 80 
. oo 20587. 9977966 


9.004563419+9977710 
9.005 0535.997758 
$.09704361949977453 
9.0085 2784997732 
gN0g$0961949977 194 
(4/940 107 741949977064 
$ 9.0119 18.9976 33 


1.013102. 7690 [90155021 
(61014 3996194997667 | [9.0167325 


$O1861341949976540 
odds 39976408 
g190t $0305[9499 76276 


6.192248. 78143 
Sine. 


154992750311 1-027 2497 


Tangente, and Secants, 


Tang, 


«98357691 1:0164231 
. 584899 1.01 5 100, 
1.586217 11.013782 
589 3171.012468 
3.988842 110111579 
99014885 
3. 99 14 140 1. 008 5480 


th. 


$.9940454]1 10059540 


3,995 3367] l. 004653 


8.5966 2431 110033757 


5 Degrees, 


3.997998 11 1.002591 
3.999138;]11.000811 
9-0204647]10-999535 
9.0017375[10.998262 
2003006019:9969934 
9.0042721010.995727 


_ 


9.0033 1796. 99778 380 [94005 5 340010, 994466 


9.00679 24110499 3 2076 
9.008047 iſto. 9e 195 2g 


g.0ti7fgogliogssrcyj 
9.01303 tojtoigh6g6ge 
9.014268 10.985718 

enger 
to.g83 2674 
to.gs 20400 
901918809 16, 
9401 Ae e 
9602 16209[10-978 379 


9.979494 


Secant. 


19-002004]th,018247 , 
190020162] 10171171 
10.0020284]11,915811 1 


0.0 205 301110132105 


10.0020777[11,0106263 
10.0023901111,00933g* 
10.002102 * 11 
10.002115 [1.00677 : 
10.0021275]11:005 50 3 


10.0021780]1 1.000440; 
10,0021907] 10.999 1840 


10400204071 1.014509 | 


to. oo 2065 3111910 


10. 002141011. 0042319 
10.0021527]11:0029644q|: 
10.002165 3]11,001700e]: 


/ 
To 
15 


10.002 203410. 9979313 
10. 02216210. 9966821 
10.0022 29010. 99543686 
10.0022418 10.994194 

10.0022547| 10-9929 564 
t0.0022677Jioggt7 216 
10.002 2806[1 09904904 
pre end | 10.9 1 
10,00 3061098038 

10.0023 tg5]io.g868177 
100823316016, 7606 

1%00 14600 1% 43665 
10,9023 $9] 10:.g331761 
1040024724] 10.g8 19691 
10.0021335 7] 10:-g50765 


Secant 


ang. 


84. Degree. 


14 
13 
12 
11 


10 


ew ow 


=_ = - 
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* 
”- 
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A Table of Artificial Sines, 


— —— — 


e 


6 Degrees. 


M Sine. | Tang. ISecant. 


. iz 346.5976143 216202J 0.978795 
1. 5204 3480.997601 1 P. 2283380 0.9771662 
2.02163 186.9975877 [p-02402441110-97 59559 
315-0225 25419 9975743 27518 10.97474 
5.02401 57/7 5609 P. 026454 129735475 
5.025 202719+997 5475 9927655 9.922344 
G. o 263865. 997 5 340 9.02885 24010. 9711476 
719-027 566g 9.9975 205 9.030046. 10.9699530 
6[o.028744 219997 5069 [9-03 1237 J., 9687627 
| olg-029918 219+9974933] þ1932424910-9675751 
109. o3 10890. 9974797 [19330093 903927 
1719.03225 671949974660] P. 034790 10,95 2094 
12 — *. 9499745 23] P. 0359688 188848262 
130.0345825 59743880 P. 3714328801 


- ——— 4 
10.002385 7[10.9807654/50 
. e 


10. 04 123010. 978 368258 


57 
24391 10.97 5954356 
N 2 23/7/39 
180002466010. 973613504 
10.0024795]10-97 24331153 


10.002493 1 N 52 
10. 002506710. 97008 18051 


— ——2115 9 
— 19:96774334 


10,.0025477]10.9665 78848 
10.0025614]t049654175|47 


N — * x . [ + wil "Is : 
. VN br FIC ov 
d 


— 


4 


— . 
* a- BD, 


21,8477. 13273] [9:0464343]19-953565 
3 55503133 9.04 ff 110.9524179 
2319.0460261]94997 299 1] [9:04 2pe[10.9512736 
241904715 81949972 50 9.049 909 my 4" - 
25 504027 . 949972708 9.05 1927 $[10.94999 

2019.0494005(6-997 2566; [9-05 21435 1049478561 
2919.0505 194194997 2423 9.053277 1110-9467 229 — 3 
ab 9.55 16354 2.297 2280 9,05 4407 « 10.945 5926 10. 7 - 10-948 364 21 
20.2740 5. 97 2137 P. 55349[10-944465 J. 2d. 548144 
309.0 3360.557953 2,0566595]10-9433405} 112 7110-94614 30 


9 5 54259 % 
vi 3 974248 b. 038315910. 96 16841 10,0025 3410.9 

, 1 esl ute Pee d erb dec eg e 
by [rd5.08047 1597397 1] [9,0405506[1095p3494] [19002602910 96195230 
9 17.039 1966919973833 5.0418 1340.951866 — 2791 
M 1403424057 767 3 [04297 31]10.957026g[10,002630710,959657641 
4 1919041485 2/0997 3554 [9.0441 299010955570) n 
3 200. od a8 249%. 97 341% P. 41d 300109547106 Ane 


? 


10.0026868]10495 5 10463 


10.002743 10950599936 
10-0027577[10-9494806 33 


—— — — 


Sine. | Tang. Secant,|M 


5 83 Degrees 


| 0 


K 


— As. 


— — 
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#(, 
' 
H 
0 
x 
\ 
65 
490 


— —— 


Tangents, and Secants. 


\ 


6 Degrees. 


cp. 3385886. 997 1993 
3186.054966 1.997 1849 
3243-0560706]9.997 1704 
1319-957172219.9971559 
3 9.05827 110.9971414 
351259307 412-997 1265 


9.2654604[9.9971122] 


37-0615 5096.997976 
38. O6 263 8 ch. 99708 29 
39˙0637 235. 99 708. 
40%. 848057. 99 70 
41.565885. 997038) 
12%. 06596 19.970239 
4%. oc. 99 οον 
149-069 1074134996994 1 
45p:97017611949969792 


9.05807 189],.9968 274k 
586.0817590 D 
5.582857 

755.9987817 
94996766: 
5.838945. 996 7 507 


Sine. 


AD 


Tang. 


98586595 
3-0577313 


—43345 
10. 9422187 


065555010.9344444 
065655 Jʃ9 9333447 
„077 ν 
9.068846 510.9311535 
9.069938 ic 300619 


907211331049 278867 
2:0731969:2:9268031f 
5074277g|10:-9257 221 
9-0753563]10-9246437 
9:0764321]10-9235075 


Pecant. 


05528007 10.946141 230 
10.008 15 1110.9 450339425 
10. 94 1099 00028296 


10. 0029613 


9.071027 109259730) L10.00299 1G 


104003111 2110-9 23467 
10.0031 2641199224165 
1040031416] 10-921 36gc 


19.003 202 [91720 
10.003218 


N 


— — — 


110.9417 259]2 6 
10. 9406328026 


19:9395 396124 


[0-002917 1] 10.937 3614122 
109936276521 
100029465 12:9351943 
109941045 19 
10.002976 1010.933038 1118 
— 17 
10.00 30059 oacts 
100 o ee 0 


0.003035 801%287 575 
t0,0030c08[10-9276945])1 3 
10,.0030658]19:9266337Þ1 2 
t0.003080g] 109255754 1 
. oo 3096 10.924201 


—— — : — 


7 
10.003 14 6g10:-9203 234] 6 
10.0031722110-9192811 


— ,- —— 


100831875 109i 


109181688 
— 10.915135 
— 2 (S9141055 


Secant. 
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© 914 35 5 55 94995 752) 


Sine. 


„ 


CT 
119414445 391919 y 5 / 55 
24145 34g 3999057172 
IJy-1452 43 4,y'9955993 
gel 471346 94995 15 
944891486438 
76.149155 6276 
555. 1505864 9499560055, 
9591515694 99955915 
. 5407087799 
t1]9.1533 401194995555 


| $1941 59 4354124995427 1 
19%. 160 3005. 9954087 


5553345 
86.995315 
654544þ*995 2973 


19952785 


19952409 
59962221 


9952033 
Sine. 


ſſ Tang. 
9 1478025 
941496321 
9150544019, 8454575 
7 15144) 
Ae 
5.153269 I 
9.15417 3910-545 
9.1 55076 
1559780 10.844022 
3.156 
4.1577748|10:3422255 
yel $ 671 
5159564 
9. 1604569 
541613473 


| 4 Table of Artificial Sines, 
8 Degrees. 


108521975 
10/9 12818 
10.8 503675 


10.848545 
10.847637 


10.8449 231 


77 110.8431227 
10. 8413294 
10.840434 


10839543) 
946386327 


6 


917019721045 29842t 
9:17 10a8ghtoFabgoi i 


29952597] [9+1718g8 


9.174498 


| 
108 7639 


—— 
$41 72767 2110-927 23 2% 
9.19 36338[10.8 263662 
10.825401% 


81 Degy ees. 


10,0042473 
10,0042650|} 66 
10. 04 28 2h 106 3400 al 
4 0,004 3007 10.9937 6g 
100043185 10.82 94 
er 16h 


10.851976 
1000043544110, $108 2 
46843724 10.8 01h, 9 


10.004391. 849313 

12,02440b5 10.8404 el! 
10004426011 5.847 5493)40 
1000044443]10. 
t0,00446J3C 
10,.004481 2 
10004499 5110.84404204 
10,0045178 
19,0045 361 
10.0045 545 
10.004725 
10.004591; 
10. 04609 


104604628; 
10. 0046465 
10. 0046656 
10.004684 
10.004702 
10.004721 
10, 004740 10. 3484 14% 
10,0047 io. Big igt 
10, 0047775 


108564447 0 
O. 


75 


þ 
(| 


— 


jd 


$3041 
465699], 
10.847940 
10,8449 100% 


18431704 ly 
104942300044 
10:84 14314]; 
00401 640141 
10,8 39099511 
18838 0 
1069379746 q 
10.837 1149] 
10.8 3628660 
10.8 36400 0% 
10:8344456} 
104833692634 


1098311441141 


100047967 


„— — oO 
LTuangents, and Secants, 


D. Sui. 
„1705463 

„17138925 
4319417 22 3O$þ 
; 9417 306gg y 
1419417 39077] 


f Mc 
b. 57946 
185.17 411 
ib. 1789 016.9949933 
97 265649949 74 


995184 
«9951644 


. 183016 
9.183834. y 
184641 . 
"1. 4 65 

v. 18 190 /. 99481 I 
18709 6.479 
| 1885725 5.594778 
(41941 887 1 2094994759 1 
4. 18951966. 594793 
L 190325. 994719 
ee. 1911299. 994699 
7 11919320þ+994679 
(91941927 34 2þ+994659g 
(9191935 3419+9940399 


[9p:194332407-994019 
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9.353977 [10.54 36023 
9.35698 210.6430179 
3:3575558[10.6424345] 
+35381437110.64185137 


94358731 


+3593120910,6406874 


943527574 
9+3633641 


100447733 


10.541 26gc 


- — - -- - 


10.638 365) 
10.8 3770 
10.637 2120 
10.8 3663 5 


Tang | 


77 D 


egrees. 


ä —— —— 


Degrees. 


* 


B 
Secant. 


10.010615 


1040106721 


10.010983 


10.011015 
10.01 10440 
10.0 110729 
100111018 
110.0111307 


100.0111597 
10.0111887 
110.0112178 
10.011249 
10.011276 


10.510587/2ʃ⁰ 


100106436 


10.0 10842910. 656 2027 
10.0108 16 
10.0 10990 
10. 0109289 
000200988 


10.6601 29412: 
10.6595662121] 
10:6590039]-<F 


19.55 56445 
10.85 52576 
1946545315 
L065 39755 
[0465 3420c 
10.85 28654 
10.6523 130 
10.55 1760 
10.85 1208 
10.506571 
10.6501 08e 4 
190.6495567 3 
10.649007 

| 

© 


10.6484595 
10.547912 


Secant. 


— 


4 Table of Artificial Sines, 


13 Degrees. 


5 — 


019.35 20880P. 887235 
119-35 263496. 9886947 
3318105.53866j 
| 315-3437 264/9+9956365 
5.35427 109.9888070 
5]Þ-3545150,9-9955770 
[3-355353929-958545% 
| 7[3+3559007 949955 19% 
| $]-35$4426 949554594 
| $:355$5369-9554599 
0.3575 240,9-9554303 
110.3580637. 9884008 
125.3586027 . 9883712 
3.359 1409 99553415 
1413-35967 $5[+735311 
$1 5[3.36021 5 4þ3-9882821 
16]9.3607515[3-9552523 
17.36 128 ch. 9882225 
1855.36182175.9881927 


\O 


19 5.628855 5.988 1628 
20.3628 894.9881329 
21.3342 196.988 1029 
22 53622335 5.988907 29 
230.3644852. 9880429 
2419436501 586.9880128 
25134365 545 PE. 2878827 
275.3666030 9.9879223 
26]3.367 131 51649575921 
29 one 875 9878818 


313436 1 53 «9973315 
Sine, 


2613436607 5056498795 25] 


Tang. 
33633641$10.6366335 
9-3639491110.6360599 


9:3645155110-6354545 
3-30509721110.63490g5% 


3-3562374110.6337626 
2-3668100}10.633190c 


9.3685 235[10.6314762 
2:35909 3710:6399903 
3-2596629,10.6303371 
3-3702315110.6297685 
5. 370799410. 5292006 
9.371366 710.6286333 
34371933 010.6280667 
5.372499 210.6275008 
9.373064 50.626935 
9.373629 1010. 6263709 
9.374193 010.625 80% 
9:3747563]19-625 2437 
343753190[19.624681c 
3-3758810[10.624119c 
[73764423 1046235577 
$.3770530[104522997C 
9:3775631[10-6224 365 
343781225 —— 
14378681 31104621 3187 
14379 2394110:5207606 
13797g6g|10:620203 1 


1046 196463 


e 20468 


10.011276 


9.365841 — 5580 


9.36738 1910.632618 16 


Secant. 


10.011305 
10.0113345 
10.0113637 
10.011390 
110.0114224 


10.011451 
10011481: 
10.0115 100 
10.011540 
10.0115697 
10.0115992 
10.0116288 
10.0116585 
10.0116882 


10.011717 


100117477 
19.011 775 


10.011927 
— 
10. 0119872 


10.0 120777 
— 
10.0111 

10.0121 85 
— 


Tang. 


76 Degrees, 


0.647 56510 
10. 5468 190050 


84.2850 
10.64464186ʃ 


10.6403 215146 
10.5 397 S405 
10.639 248500 


10.6 36046100 
10.5355 149% 
10. 6349842 if 


1000332908 3} 
10.632888 501 
N Jl 
10.631614 


Secant. 


i 


A 
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Tangents, and Secants. 


— 


13 Degrees. 


- 


Sine. 
05.368 185.9878315 
31 3687111 9. 9878012 
325.3692363. 987770⁰ 
369760. 9877404 
34. 3702847. 9877095 


9.3713304|9.9876485 
37185235.987618; 
3.37237 35P. 98758706 


499-37 341399575263 
9437 3933119+9874955 
9437445 1719-9374646 
3:37495g6]949874339 


Tang. 


9-3803537|10.6196463 


9.380910c|10.5190g0c 


4419-37 54868]9.9874031 
19]p-3750034]9-9873722 
499.3765 194.9873413 
9.3770347P. 9873103 
5 733853 9-987 2793 
4378063 319.987 2432 
199-3785 76719-9872171 
9.37909. 9.98718 5c 
94379601519.937 1549 
535.3801129 9.987123; 
9.806237. 9870924 
3811335 949870611 


$619.38 164.34 den 
3 4 
5 


5719:39214231g.g86gg 

) 5.184600 9.969670 
. 287 889335 
94331674 6.986954 1 


Sine, 


9-3314655110.6185345 
.3820205110.6179795 
9-3825748110.6174252 
9.583128 510.6168715 
38368 1910.6163184 
9384234010. 615766 
9.384785 810.6152142 
3853370010. 614663c 
9.285887 010.6141124 
9.386437 0010.813562 
9.3869 86910. 6130131 
9.485332 10.612464 
3880 

863 


3710.611916 
9.388631 10.611368 
10.8 10 41 
2897244010. 610275 
390270010. 5097 300 
10.809 1849 
10. 5086405 


10.800986 
9:392446810.50755 34 
$392959JYt0.6070107 
9:2935313]t0.6064687 
943940727 10.603927; 
394613 158“ 64 
943941435] t60,604846; 
9:3946934]t0.604406; 
14902308 106037074 
13967711 10,00 


Tang. 


Secant. 


10.512168 


10.121988 
190.0122292 
100122598 
10.012290 
10.0123 206 
10.0123512 
10.0123817 
140.0124124 
10. 0124430 
100124737 


10.012504 
10.012532 
10. 0125661 
100.0125969 
10.0126278 


10.0126587 
10. 0126897 
10.012720 


ne 
10.012780 29 


— 
10401290 
19.812939 


— ä —̊ 


1040129702 
19401 30716 
100110337 
1040110044 


19.01 E. is 


76 Degrees. 


- 111 


10.63 18147 30 
10.63 12889429 
10.630763 


78 


10.627 1086021 
10.626586 12 


10. 625030417 
10.624513 2}! 


10.622450) [ů 2 
10.621936 
10.821423 
to0.0128140 10.8 209 10 
10.012841 —＋ 4 
10.619871 


10 14 
1046189661 
10:61 $4466 
—＋ 477 
10.61 

will if 


10:61 6384)| ; 
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2 be; 836752 9.986904 
1p. 38418 155. 98687 26 


. 384687 35.986841 
35.38 5 19 24h. 9868094 
9.38 56969 0.986777 
Lö- 285 200.9857461 
O 9. 3867040 9.9867 144 

9. 3872067. 99668 27 
V. 38770875. 986550 


9.390707 986459 


9.39 170 a8. 986395 
3921993.986363 
94392695 219.956330 


21.341794. 63 
2295-39467 29.986201 


245.3965 


2015-39664 109. 98607 
2745+3971315]19.986039 
s 477 8.556 
„398 11099.585974 
9-328788 8.885941 


Sine. 


11. 3892111 0.9865553 
125.3897 1005. 98652331 
Hong. 9864913 


9.391227. 864273 


195.3931905. 9862986 
2439832 .988285 


4+ 145.8862335 


2:396 14999.9861045 


14 Degrees. 


\Secant. | 
100130959 [0.616324 50 
10.513174 10.615818, 59 
10.013159 10.615312/58 
10.0131906 10.6 14805c67 
10013222210. 514303 ze 
10.0132539 10.61 379945 
10.1328 56 10.613 2960054 
10.0133173 10. 612793363 
10.0 13349 110.61 229135 
10133809 10.6 117895561 
10. 0134128 10.611289 1560 


- 


Tang. 


9.39677 111106032285 


940026 
5.40669 19110-59310 
5:40741$9]110-53925811 
94407945 3] $:592054 
4514713 10513280 
5.408996 6010.590035 
5.40 2121104599478) 
4889 74 
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Sine. 

. 398 505.9859410 
zip. 399087 . 98 59085 
325.3995754/· 585876. 
; 9.4000624[9+98584 34 
0.4005425|6 9858 100 
0 5.401034 8.987777 P 


P. 4020048. 9857119 


; 240297 2419-98 5646c 
194452345 549356129 


9:40393789-9855798 
9.4044 190.5855467 
. 4049oοο.9855135 
9.40538 16 99054803 
9405861714935 4471 
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Tang. 
3-4125531 


944131755 
3:4136993 


10.587341 
10.5868211 
10.5 86300 


55 5.4015 201.9857445 
385. 4024889.98 567% 


P. 406 3415.874178 
P. 408 293 9.985380 
$ 12 71949353471 
a . 29853135) Þ 
9.4 gn, 03 
725 9.9 2652466 
p.409 2068.983213 
9.40968 2413.98 5 179% 
8 29851462 
941063205 9511235 
411 10% 5.7775 
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15} 420245850114 
. 4423033 9849776 
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9411579658472 


1:41 2995N9-9849435 


9.414219 110.5857809 
9-4147383[10.585 2617 
9:41525710.584743c 
415775 10.584224 
9. 4162928 10.583707 
416809 10.593191 
4173265ʃ10. 5826735 


7 — 


418358 10.58 1642 
9-4188729]0.581127 
9+4193374[1045 806126 
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10.5775372 
+4229735]10.577026s; 


+6270403[104572959% 
9.427 5465ʃ10.572453ʃ 
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10.0140534 


10.60 14004] 


10.0140911 


10.914156 


10.0142223 


1060091 2:15 

10. 500424028 
10.599937 7 

10.0141894110.5994 511126 
1045939651 


25 


10.0142 5 
10.0142881 


10.0143 
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10.0143871 


1000144 


100145197 
10.014529 


t0.0145862 


10.014619 
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10.0146 
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10.01482 
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10.0148 875 
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10.0149 

10. 0150224 
[0-0150562 
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10.598 479524 
10.597995 2123 


10459751112 
10. 59 


10,5965 44620 
t0.0144202/1 t0.59606220t5 19 


109144033 10.595 5804518 
6511045950991] 


1045946184116 
10.394138 Ju 
15659765 


10,593179 713 
10.9 0132 
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100147197]! 0-591746 1]. 
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A Table of Artific 


ial Sines, 


15 Degrees. 


_ 


— .; WP" 7 


P. 41346745. 9849095 


Sine. 
P. 412996525. 9849438 


p. 413938 19.984870 
3.414408 20. 
9.41487789. 9848081 
516-415 3458Þ9-984774 
$19.415815 213984740 
1194152532) 


119.4181495 

129.4186140 
135˙ 41907956 ·98450⁰ 
14h. 41954305. 984466 
P. 42007 36. 984431• 


175.4209330 
1869.421395 


190.4218 5669.584293 5 
20 42231706. 9842389 
21. 42277809.9842242 
229.4232380. 984189 
23]9-4236974|9-984154 
240.4241563 


255.4246147 9.98408 52 


209. 42507 269.9840503 
289.4259867. 9839805 
299.4264430. 9839455 
30. 42689889. 9839105 


Sine. 


Tang. 


2719-4255 299]9.9840154 


9-428052510:5719475 
>42855756(10-5714425 


9.4290621119-5709379 | 


9.429566 110.5704339 
9.4 30069 10.569930 
4305727, 12:5094273 
«4.31975 311045639247 
9431577 310-568 4227 
4320789 10.5679211 
4325799 10.5674201 
9.4330804]10-566919t 
9:4335805110-5564195 
«4340800110-56592 


9.441022 10.5589778 
10.558485 a 


19-442497 500.5575025 
5.442988 3J0.5570117 


[Secant. 


10.0150562 10.5 870035 
10.01 50901 1065865326 
10. 0151240 10. 5860619 
10.015 1580 10.58 55918 
10,0151919 10.585122 
10.01 5 2260 10.584653; 
190.0152600 10. 5841848 
10.015 29 110.5837169 5 
10.0153283'10.5832494 5 
10-9153625/10.5827824 
10.0153957110.5823163 


505 
10.154653 10812053 0 


l 


10.01 5637410. 579060 
10. 015671910. 3786050 
10.0157965 10.578 1434 


10.0158 1050.576762 
10.0158452 
10.015880cÞ10.575 4375 
10.-0159148110-5753853]; 


| Tangents, and Secants, | 


15 Degrees. 


— 1 — 


2685805. 38105 
515.427354P-9838755 


Tang. # 


| ˙443968510. 5560315 


325.4278089. 983840 

33/9-42$263 1þy-93 3505 

1419-4287 1651949837701 
15/2-429170109-983734 

»66-4296225Þ9+98 3699 

37%. 4300 ch. 9836643 
1.4305 267.9836290 
5543097786. 983593 

105.4314280 7.983582 
9.431878 5835227 
9.432328 56.983472 
435˙4327777P- 9834517 
44194433 2264.98 34161 
4519:4336745-9833805 
469-4341223]9+95 33449 
«434569419+9333092 
4/944350161]9-9832735 


. 30353 
4367980 


9•44347 881.5565214 


9.444457 910.5555421 
9.4449468ʃ10.5550532 
9.44574352419.5545648 
9.445923 210.5540768 
1045535593 


497.4354623 9832377 


4468978010. 5531022 


( 


5.442988 31045570117 


9*44733431045526157 


1045453724 
10.544891 


9.456064 1110-54393 88 


— — 


Secant. 


10.195711 


10.0161245 1045726455 
10.0161596ʃ10.5721911 
1%0161948[10.5717365 
10.01622g910457 12831 


10.016265 10.5 708 299 - 


30 


29]. 
28 
27 


— — 


10.163004 104570377 21-4 
10.0163357[10.56992503 
1001037 1910.5694733/; 


10.01640641t0,5690221 B 


19016441910.5685714 
— 105681212 
10.016512 10.567671 
10.0165483ʃ10.5672223 
10.016583 10.567736 
10.0186195 10.663254 


& 


17 
16 


13 


10.016655 118.5858771. 


N 


10.166908 10.5654 oe 
ro. o 167265 10·5649839 


13 
12 


10. 9167823010. 56452771 


10-0167981110,5640920{! 


10.0168339110,.5636468 
10. 0168698 19.563 2020 
10.016905 810.5627578 
10.169417 — — 141 
19.0169777[10.5618708 


10.0170138ʃ10. 5614281 
10. 17049. 5609858 
10.01 70860[10.560544c 
10.017122210.5601027 
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A Table of Artificial S ines, 


16 Degrees. 


Secant. 
Y 10-5425030 [100171584] 1e. 8810 
98928054] |g.4579730110-542027c| [100171946] 10:55 2216155 
193827691] [9.458449 110.5415505 [1001723051 10455 78145) 
P. 58273280 [9.4 ;89248]10-5410755] [10.017 2672010:5553424/57 
«98 26964 94459400! 10.5405995] [100173030 10.277760 
49%. 98 26600 19.4 598749]10-540125 1 [10.017 340C 1045574651155 
255.5926770 9450875 94ſ10. 396500 [100173764 10-5$7027 4 

5.4808 23 410.5 39176610. 017412901055 65897153 

9461296719533 7033 — 10.556 1529051 
9:4617699]10-5382303] [1001748600195 55716zÞF1 
9.422423 10453775771 [1240175 220 10455 52803] 


5:4627145110-5372855 100175592] 105548447 
9.463 1863110-5358 137,017 95010, 5440gt 
2:4636576110-5363424][10.0176326]10-553975c 
9464128 5110-5355 715] [10.01766gg11014 5 3540/66 


— D— 


Sine. 


11 AiP ZA 
129-444 5904 99524041 
«44602519495 23074 
94464591 «9823306 


199 


1619444689 2719-98 22935 64 1045 3547100 [10:01 7706201045 531073 
94447 3259919922565 1045349310] [10-0177431[1045 526741 


9:44775869-9822201]|; 1045 344614 
9.448 1909.821831 
See 28 5 


gal; 


100177799 10.324414 
10.0178 169110. 5518091 
10.0178338J10.5513773 
2] [10.0178g08110.5 509460140 
10.0179279 10.970830 | 
——— 10.3 30085 7 
10.018002 1010.549654 
10. 532196 '\[1o0180399 10.54 — 
39 1043071 95 10.0 180764110. 487963 
3 Et, eig; 10.548367 
uo. 018 1895 1044479397 
N 


1220 10.0181883],0.5475121 
—＋ $931 10.0182256 10-4470 
481105283952 10.013263c 1054665812136 
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—— 


| Tangents, and Secants, 


——ꝛkꝛ⸗3d 
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cub 16 Degrees, 


Sine. Tang. Secant. 


zen 2981737 471604 1045233951 10,01Þ2630 1045466582130 

$1,453700ip9816995) [9:47 20684110.52793 15] [10-01930081t0,44623 19/48 

$1,.454519:þ,49816245] [9147 2994 mes] 1015373511045 453808137 

46.4504 ] „6981587 9:47 3447 10.346642 — 10.544950 

. 43e. 8114 [:473919210-4 260808 50 450110:4544531412) 

2:4743008[1045 256192] [19:0184883]10.5441074[24 

105251579] [100185 26019,4 42683523 

8 be e 

„471763 J1.242367 119.5428382 

5 (9-476423110.$237761| rd 8 142816 

21476882 199233171 10018677 1116-5419944'þ 

24771421[t0-42285 75] [100137 150gwggt gong]! 

; 477500 1044223991] [1901375 2g] 0.5411520]!? 

' 9:4780592]1045 219408] %, 18790gho.g40731 6h 

10.121400 [100133285 0.540311!) 

e 10 ies heli 

950 947943 191054056 [| 1001890501645 394790103 

4 . 929 8 10.0 189 21 105380544 12 

50810187, 5.480 451010. 5196545 1,1896 12010, 388382011 
8 Bos! 9.480801 110.4191995 


10. 01113 
109. 46178 165 10.0190 I9ghtog 38218400 
T6493 gt pp-g3oggn3) [9431255910051 7474 


t0:0190577[10.5378011 
$2/9+46261 5 $p+g80g04 943171 18[10.5182 O-0190900119,437 3342 


46303225. 580665 [9448216641095 1783 34] [10-0191343 10.5 369675 
1547 e 5.40262 010.3172790 6, 19172//10.336531) 
1.4 88395. 28078 


. 4807 clo. 19a fc e. oa 10.536136 
p.484 77e. 4335 2810-51647 14] fee di e 
467% 5.980) id 6.48 398 18010. 160182] fro. 0192080010. 343062 
06.465 1981949806735] P. 48710 10.515565 ro. 019326910. 5349 1% 
406.4655219. 806 340 [9 N48 87c 0,1151126 frog 365114534478) 
0 . 46593 5. 580596 f. 4d 53:9 00. 3146610 to. 194010 14⁰⁰ 
| Sine, . $ 5 oy” 


Tang.  \Secant,|* 
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1 194369 27 919709701 
LO 9.149693 „roh 265 
. J 590204] 1.9707 750 
191945 50 

p39 102371919706 346 
L 451345 4970586; 
U 9.4416 71 9.9706 353 
15.520164. % 
90 AIT 50 91970441 y 
e,, 
Je „511101 5 997094 $4 
1 177178. . 
5 XX 704 970 485 


65.777999 
50. 7 


Tang. 
9:572737710.4872623 
«5$731227110.426877: 
9457 35074110442649 20 
9657 35919]10.425to81 
9.574276 010.4257239 
9+5746601110.425 3355 
9457 5043810.424956; 
9.575427 — 1 
9.57810 1,4 241g 
Siege. Lose 
essere, 
9:5769585]110.4230414 
91577 3407110:4422659 1 
0110442227 74 
1575104JY10442189g57 
1578455804421 514% 
9+578866g]044211331 
94979 24791044 209 5 21 
345 7962861044 2037 14 
94 $000g0]10.4tgggic 
3580389 710.419616t 
9.388769 10.419430 
7 148 1041 Hy 
9.681348 2to.41847 1h 
9.561997 e. 418e hte 
5622864 (044177136 
5325651116,4173345 
9+5 8304351044 169565 
15 $34217110.4155782 
1$837997110,4162093 


517 | 9+5841774110,4158226 


Tang. 


Secant. 


10002841 24 10448 56747 


t0.0284598]10:455337c 
1090235069] te 4$4ggy4]R! 
10.0235 543010.4546624]2;7 
10.0286016Þ1044343255h6 
10023649 [10.45 39850Þ1s 
100286965] 10:.45365 25Þad 
19023744] te145 33 16523 
— 1044529811129 


10.0285 3g2]t60.44 2645 b[41 
100 08086 10 8376 | 


—2 - 


one t 10.477976 
10%%f˙ 9416415 
10.0290 2990104451307; 
10.0 290777110444097 34316 
10.029125 10.40 9b 
10,0291735119,450306; 
[002922141 10:44dgg73 t; 
10.029 2694]19444g640kh1 2 
1060293 174] 16644308411 1 


10.029 3654[t0.4459763 
10.02941 3511044456444 
10.0294617[1044483 195 
10.929 $09 d[t01447g8 16] 5 
10.929593111044476got0] e 
100296063 194473195] 4 
1942296 546 1044465894 
10.09% 311244466594 
[94929745 14] 1044463 29t 
19:929799* [1044460001 
10.0298483[10,445679! 


Secant. | 


— 


69 Degrees. 


_— 


2 : 


— — * 
- — | _— : — 2 — — . ky 
— — - 
-. - > * - — 
4 g —— C<  I- — s — — 
— ſt — Þ | © © - 8 — * 4 
3 2 2 - — 9 = — 


= 


— 4 
— 


pu 


g 8 223 N 
— Lag 


” 


— 
0 * * 


3 . * ä 


2 — 4 * 


- * _— „ — — - i —— 3 - L 


— => cf 
— „ — 
— —— 


114.5 5890 


i 


— em 


2 Table of Artificial Siner, 


21 Degrees. 


— — 


Tang g. Secant. 
3841774 41722 1572978; 


541292 .701 517 


10.443 10.447700 


9:5845545110:4154 104415445) toonghge8[t0 4455, 
9.594932 010.4150679 0.029945 
9.898895 10.4 46 06 to. a9 9935 
9.5868 519.4143140 10.030042 
5. bs o4 10.41 39370 [lo oi 
93864386 1044135614 16030140: 
147110.41 31353] [10-0301888 
9.587 190410. 4128096 non 
9:45 87506c[1044 124340] [10.030286 
9537941 3]10.4120587] [100303353 
. 7668555 104116827 10.0303842 
9.58 degree zel 10.004332 
9.590657 0. 4109 343] lt. 0304823 
10.0 305313 
| 10,0305 504 


1 95546481 919701032 
219-5 549563[9+970 1547 
355531 5219972000! 
4455643 319-96 88377 
$5597 1119:969598 7 
9.636298 719-9595 60c 
71945 56525 99-9695 112 
M95 5695 291049697624 
91945 57 2790p 9.985363 
10]g45 57 6060]9+9 695647 
11 9.7275 . 56 sn 
ERR Ir 
319» . 
151945592338 59 54196 
16 . 79.5% 774 
Wl 5598 299.9693212 
9.5 602071 44:44: 
is 95604310090 92227 
20.5608 5 4619496917 34 


. 255 00 10.409911 
9.59505617 010.4094383 
9.59093 go _ 1 
691 
9+49163121,0,4083188 


10. 03067 
10.030728 


10.030777 
10.0308 26 


822205 1044079461 


100398755 
5$924263110.4075737 


10030925 
10.030974 
19,03 10242 
0.031073! 


(04031123, 
10.031173 
10.031222) 
10.031272 
7511044046025] [10.313221 


119.6611775 — 
9.592798 5010.402015 


1240. 31 50 10%. 969074 

23 av 7.990252 

419-5621 Poe 9757] [9+5931705]10.406B 295 
Sl nad En «5935423 104064577 

26]9.5937904[9496537 68] [945939 138[10.4060862 

. 9.9688 270 P. 9428 5010.407149 


965634335 949687773 
19 peg 637 54019-3687 47 


5.1647 54194968677 
Sine, 


68 Degrees. 


1044453413155 


10.445013215! 
10.444684 ſ) 


104444356750 
10.4440 26560 


104443701} 64 
18.443374 55 
10. 44304716. 
Jo. 442) 2045 
10.442394 0 


1944420675 
10.44 1740 

10444 14165Þ7 
10.44 10 14% 
1044407 662Þ* 


1044401171] 
1064397929 
1044 3946gcÞ! 


104438822) jj 
1044384997) 
104438 176413) 
104378530] 
104375314! 
10.4 10.4 3720 
10.4680 j} 
1044365664}! 
10.436240 
10.447240 


Secant. “ 


— 
Tangents, and Secants. 


| 


21 Degrees. 


vl Sine. 
3Þ+56407 54 
155643960 
145.5547165 
355.5650363 
45653501 
P5656 50 
306.5659948 
. 2863735 
30 


95.5659 508 


136.5682217 
10 3660597 
Piss 5 


2 


. * [e 
. 5694883 
48]9'5 698043 
1919+5 701 200 
50 943704355 
511645707 50c 
5219-5 710650 
$3]p+5 71.350 
5499457 16946 
55 *N 7200 7 
68194572322 
1.27207 
586.5729455 
5.57 32626 


9459663 24 


129.5679044 


Je: 
5.588677, 


— — ͤ —́U— 


9.968628 
2968575; 
9.9685 284 
949634755 
9.968 3786 
9.968 2784 
9.968 2283 
9.908178. 
9.5681279 
949639777 
919630274 
94967977 1 
99679257 
99678763 


949677753 
949677247 
49676741 
29670235 
94967572 
9:9 57422) 
19674713 
99974205 
«967 3697 
9.967315 
94967 2675 


71655} P. seie. 


9.567825 


9.597767 90. 4042321 
5.596 138010. 4038620 
9590407 10.403492 
9.596877 810.4031224 
9 Je 
9.597616 40. 4023838 


dio. 4009095 


— . ᷓꝗ , — 


9:5994585 16, 400541 

9:5998267[10.40017 3: 
9.6001943 10.399505 

g9+6005617110.3994383 
96099259110.3990711 
10.398704: 
10.398337 
104397971” 


946023953 
9.60276131104397 23 
9.603127 1010.396975 
9+6034927110.3955073 
9:.603558b1[t0.3961415 
ao" 1043957767 
2:60459921104395411 
(60495 29]t0.395047 1 
9+6253174]t0.3945826 
9.50666 17/10. 3943183 
506045710. 3939543 


10,3970047 | 
7 


Secant. 


e 
1000313719]10.4356040]5 
10.9314217]10.435 283 7]20 
10-0314716110,4349637127 


100315215110,4346439] © 
10.0315714]1c-4343244]*5 
10.516476 10,3400 2124 
19.0316715]1044336563]23 
10,0317216[10443335761]32 
10.031777 0.433049 
1000318216 10.4327 3110 
100318721110.4324 1241! 


1000319223 2 
10.03 197 2611044317753 
10.03 20229ʃ10. 4314619 


18 


7 
e 


10.03 20733]10-4311445þ'5 


100321237[19:4308 27; 


4 


10.00321742[10.4305117]! 3 


1000322247[19:14 301987 


14 


10.032275 Io. 429 88001 


10.323259 10:4295645 


10,03237651104429 2494 


10032427 201944289344 
10003247 7g1104428619Y 
1000325 287] 104428305 4 


10003257951 1944279913 
1010088 1044276774 
t10.03265 12] 1544 27 363 
1012798 10. 4270505 
— 3110.426737. 
10.032534) 10.4264 440 


Tang, 


„ 


68 Degrees. 


Secant, 


[ 
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. 
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1 
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1 
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A Table of Artificial Sines, 


— 
„ü —— 


2 a 
pee Ee E—— 


22 Degrees. © 


| Sine, | Tang. 
«$7357 34]2:997 1659] [p60640g8Þ 0.393 5904 
1.3738680 9. 987 1 148] (9.60677 3 0.352268 
194474200 219499 70637] [p4607136 10.3948334 
3 488907 9.687499/ t 139 25003 
$948 240[9:y66y614 — 6270.391373 
PA 352-2569 101 J J“ 7740 
P. AAA. N ANN. Ec N80. 39 14140 
. A 19668074] [6089503010139 10497 
9447 606841949 367 562 INE 76 
43763096 «67 048] [p+00967 42 10 50415 
Je. S y-610035gÞ10435gy641 
1119.976ygg 10v-9660018 p610397 0.359804) 
1 427406657 9.510706 * 7 14 
e e ee 
| 9497 $627 $1919 0 O4101043453951906 
l$19.478236/ 5.98839 54 56110 


165.5740 963437 
. 77% 9.966292 
19.579161 wor tp 
19. 5794695 9.9661 84 
209.5797 772p:2951 355 
I $805845 9.966084 
24.80 917 — 

* 


erer 
«614000011 0,386200 
5.414275 10.3856 
9$:5147180[10.385 2825 
9:6150766110.384923 
(6154351 10.3845645 
25157936 10, 3842046 
egg e 84 
8168832J 5.283490) 


29. 5806966.9659 
2416.58 1005 2,9659285 
ic ee 
1600.58 1617.859243 
"7 +5$81923619-9657721 
2 


2919.5 825 345[9-9656677 6691103831331 
: $.5829397 9:96561530[:917224310.3827757 


Secant. 


10,0328 2| ©44 261 12chss 
port bs 10:42 479976 
10403 2987 51142545 79]47 
t0403304356[1044 25 195 he 
10.033udgy} 04245644þ11 
(6013141911-44244532)64 
1603319251944 2424291 


17 
10442207 25 * 


0 0461104421 7646 IT 
10033 $6 411044214550], 
10.0337080]t0:44 21 14511 
10.0337 598 10,4 0 38 Ju 
10. 0 38116010. 4 20% 30%. 
10,0338635 10420200 

10.033915 18488 1518 
10-0339674119:4196083]}! 
10-0340194]10441 391417 
109903407 110.41 At z6 
10.034123610,4186384}zx 
100341757110.4183823þ 
1003422791044 180764143 
10-0342801[10,4177708|1 
100343323 10417465413! 


10.0343%47/10.4171603 x 


| Secant.}" 


109328341] 0426024] 


gw 1 


4 


Sine. 
P. 6.81817, 


| 119.583 1445134965 5635 
195-58 3449 [+965 5100 
13-5537 535091905458: 
14}z-3 $405 701949654057 
394554361 5194905 353% 
L 94946641 9.565 302t 
f Mee 
19994455 27 160949651993 
1909438547 45],4965 1426 
191384877 ily -p6408gy 
11 486179 949640371 
44%. f 16%. 4945 
5.5/3; 586462) 
9 4758 9964858 
6.738 p. 6 4g 
; 12% 
8 N 4 


_— 


—- 


115575 
1.586 2892.646663 
A. L888 5646133 
P. Jö pros se 
488415 564706 
ye$ 

5.599788 8.944004 
9.5 $0085 01 g964347% 
p:59038619-96429 37 
$0I3+5$P0655c19.964 240% 
57191590984 114964 156) 
55.591292 ½/9041332 
5994591 2785 44964079, 


P. 18780 39640461 
Sine. 


Pe 


996477 a0] þ 
9.564719 Y 


9:99445 37] Þ 


Tang, 


9.617224} 
9.6175 15 
9.61 9 63 


619 
561865 


9.61 gook 
20193645 


463 271043753173 


103027757 
$15)10-40241 6 


= angents, and Secants. 


t0449 20615 
10.181704) 
10.391340 
10.390991 


0. 


4 [10,03506 


10-3749644 


440.3746110 


74⁰ 


e732 


2.626445 


103742591 
10.3735546 


5.626797 10.371202) 


9.627149 
>? a 


10.3728 505 
ebay » 


962735 19110437214 


Secant. 


100343847 075780 
100344370110:4163554]5 
1644165409], 8 


10403401 


10.0341914110:41991 49] 6 
100351744]10:4 12613 


10.0352809[10.4120114[1 3 
00090005 1944117 LOW 1; 


1000343 eo 10. 4114104011 
237.9 10,4111 icoglic 


10,034 Ae ie 
10.035546 10.410610 
10.035 1996 10.410114) 
10.035650. 4e « 


88/0. 778.4096131 


100357595 10:4093144] 7 
132]19,40$014g 
10.0358668]10.4087177 
10.0349203[10.4084197] ; 
10.03597 35110-4081 a2cÞ - 


— — — 


Secant.ſu 
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+ — 83 Cw - 
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Sine, 


A Table of Artificial Siner, 
Degrees. 


„eee! 
$1592 1744[9 £397 #4 
9459247 an[9:y0 1g 117 
31945927 6gh[yeg 039650 
$I191493363 11949937574 
0.59 3659 4191953703 
94593955 51919835490 
345 94.25 13]4+9935957 
9%. $45 46 g1919035417 
1019.5 9484220019 634577 
11194595 1373][9+9534336 
12194595.4322]9+9633795 
13]9.5957 268]9+9633253 
1419.596021 21949632711 
P. 5963154. 632168 
10.596609 36 · 9631625 
9. 5969020 9.963108 
189.59719656.9030538 
190.5974897 · 9629994 
205.5977827. 9629449 
210.5980754. 628904 
229.5983679 .9628358 
230.59 86602.962781 

245989525627 260 
25.599244 1.825719 


269.5995357P˙9626172 
275.5998270. 9625624 
280. 500118 1]9+9625076 
29]9,60040g0[9+9524527 
,019.600699719+3523978 


Sine 


9.630305 
9.630665 
94631094 2 
946313545 
940317037 
9.63205 27 
946324015 
9+6327501 
7.320905 


9.634142 
9.6344903 
96348378 


att 
9.6369185 


9.637 2646 
9.6376106 


96379563 


10.396942 
10.268384 
10.368994 

1 
10.368 2963 
1043679473 
10,3675g85 
1043672499 
10.366901 


10. 3662052 
103658574 
10.365 5097 
10.365 1622 


10.3648 150 t 


10-3644679] 


1093541210 
10.3637743 
10.3634278 
10.363081 5 
10.3627354 
— + 
103620437 


9.6383019 


— —_—— 


10.36 1698 1 
Tan 2. 


[Secant; | 


TT  —— , 
19911497 38010140124 [ 
146460876 
10040 "ly 
(040361 15 


104407 $37 4 


10.036404 3]t0:405 74715: 


10.0364553 
18353123 


10.4039 ; 
100.0367832 N 


—_ —— ſnj— 


100369375 
10.036891 


10.0372188 


10.0372734ʃ10. 40 104775 


10.037 3828010. 40046436 


199407824 54% 
58,4074 6 
10, 61610, 4069 334156 
10903624 36]1 0,406636g|5 + 
10,0362964[10.406340t|;4 
10.0363504[10:44060444]4; 


10403097143 
10,0369462110,4028035|44] 


10,401924613 
10.0371642110.4016321]z5 


10.037328 1010. 400755955 


66 Degrees. 


* 
— 


e si 


Sine. 


„009901 1581420 


14 
1 
4 
15 


119+5047 44 


50 9. 5064647 9.96 1 290 


5185067 50694961234 
5250703625. 961178 
9. 6073216 9.961122 


nnn 
9.601570 9623856 


5 Tangente, and Secants, 


23 Degrees, 


Tan 8. 
NSA see 


9.648647 19436139 97 
9.646990, 60075 


9.601 k6oc 1919011777 
460214959631 226 


01428 8[9+9620674 
4 +3 9620142 


8 9.9616 f 
9772 9.96 — 6, 
9.0 53a. 9615689 


— — — — 


144605 319019615133! 


9.605605 71949614576 
9.605 89235 · 9614020 
9.506 17889.9613462 


9. 50760689. 96 10668 
9.60789 18. 9610108 


916034611 
9.50374 54 
9.60g902949 
9.60931339 


19-6453575 


9.475345. [044606695 
9163965 23010v16031977 
9.640026g] 013599731 
9.64037 14]49435 96286 
9.6407 15610, 3592844 


| 9:64105g7]10-35839403 


9-64 1403410-3555964 


10.357565 
3110.357422) 
9.5431205ʃ10. 356879) 
9.643463 109.3365285 
10.3561943 
10.3558519 
+6444903]19-355 59297 
64483 24010.35 51676 
9.645174 3]10+3548257 
9.645 516010. 354484 
140.3541425 


* 
1 

—— 
"AY 


9.546198$]10-3535012 
9+646540c[10+35 3400C 
9.6468810110+-3531190 


.[10.038709 


Secant, 


onde 10.5429 
10.07 


10,0379 75 10 de 4g 
10.03 081. 10.396953 
10.0380934[10.396694 
10.0381537[10,396406 
10.038 209 iſĩe 


10.038 3200010. 395 542 
10.533755 18.254539 
10.038431 101, 39496 

10.384867 


10.038 5986 


10.038765 
10.038877 210. 392678 


9.6472217110+3527783 
9.6475624]10+3524376 


6 [9.647902910+35 20972 


9.648243 1119+3517569 
9.548583 110.3514169 


66 


10.039045 40.391823 
10.0391013ʃl0. 391538 


egrees.. 


191037621916, 199 400316 
191137647316, eee 
19,0177 19916, 1987 197 
7147 
299104398 14046 
| 10,0378774 104397850 


10,0379 af 1043974615 44 


10.039157 410.3912546 
10.039213ʃ 1943909706 
110.039269810.3906867 


5314 


We! 


4443 
4142 
121 
420 


31 


10.396118 
10.038 264 50. 3958 304. 


7117 
2116 
ej! 


19.3945 1c 14 
10.038 5424(10. 394394 3[13 
102941077112 
10.038656 38 — hs 11 
10-3935353]'© 


10.3932494] 9 
10.0383213[19.3929635 


4 


10.038933 410.3923932 
10. 0389892010. 3921082 


5 
9 


0 ow + 


24 Degrees, 


4 Table of Artificial Sines, 


0/9.629313 39-9607 302 
19.60959699-95007 39 
29. 098 80 39. 9606176 
809.6 10163 5.96056 12 
9.0 1044659. 96905048 
5 9.610729: 39. 960448. 
5 9.61101 1819-95035 19 
719-6112 38883585 
59. 61157629. 9602788 
5. 6118580. 9602222 
10.6 121397. 960165 5 
11.512421 119.9601080 
129.6127923. 96005 2 
13551298 32˙·95999 

149.6132641 95993 : 
15]-6135446p-959981 
105.51382509.9598240 
1719614105 119.9597676 
189.6 1438 509.9597 106 
195146647. 9596535 
2095.614944 1.959596 
1215.61522345·9595293 
22.615 5024.994821 
13.6 1578 125.9594248 
24]346160599]9-9593675 
2513-9 16335 1949593102 
20. 61661646. 9592528 
27J,616894 959195 
2819-617172119-959138c 
29.174490, 5905 
3<19.617727 «9590225 


Sine. 


6755831214165 
9.6489 23010. 35 1070 
9.6492620 10.350737 
9.049602J104350397 
9.64994 17 


Secant. 


10.392691 


10.039320 


110.0393824 


10.039438 
10.039495 2 
10.039550 
10.039608 


10. 0396646 
190.9397212 


[0-390686; 
10. 39040300 
10.3895 530 


9.65 2312310. 347687 

9-6526503110.3473497 
9.652988 110.3470119 
9653325710. 3466743 
9.653663 1010. 3463369 


10.345990 
9.654337 510.3456625 


9-6546744110.345 3256 
9.655011 10. 3449888 
9655347 Tlio.34465 23 
9.655684 110.3443159 
9.65 020410. 343970 
9:6563564110.3436436| 
9.6506923110.3433077 
94657028010.34297 20 
94657363 1043426364 
9.67855 10.3423011 
9.658034 1010.341983 
9:658369F1 0.341630 


9658704 1[10-3412955 
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ö Tangents, and Secants, | 


— 
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24 Degrees. 
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399.61772709+9 550229 
310.5718004 156-9589653 
325.618 2809.958907 
853527 5.958850 
3419.618834 16.958792 
5.679 1103.587345 
249.6193964/9+95 $6767 
3719.519662219+95 $618 
38 — — 


390.6202 1329958503 
958445 
9.9583869 
9583288 
9. 9582707 


40 9.620488 
415.6207634 
429.6210382 
459.6213127 
44 0.621587 1]+9592125 
45þp.6218612Þ+9531543 
443.6221 35 149530961 
47]6.6224089þ+9550375 
4519.6 2263 24Þ+9579794 
498.52295 574957921 
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9.659707 00. 3402924 
9.56004 18010. 3399582 
9.66037 5810.339824 


9.6607097119-3392993 


81 [9-46 104. 34110-33895 66 


9.661376 10.328621 
6617103 10.338 289 
6620434110. 3379566 


66227651 ¼3376235 
5627093010. 337 2907 
6630420010. 33695 80 
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.6637069]10-3352931 ; 
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66437 11]10+335628 
.664703910+3352970] 
685034010. 3349654 
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9+6656g75110-3343025 
9.558028 810.3339712 
5.566359 810.3336402 
9:5566g0N110-3333093 
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9.6673 0 11104332648) 
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9.86801 2610.331987. 
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10.040977 
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10.4 1034710. 38 1995929 
10.0410923]10.3817191]28 
10.0411500[10.38 14424127 
10,04120771[10.331165g|26 
100412655 10. 380889725 


10.04 13233010. 380613602. 
10.4138 1210. 38033780231 
10.041439 1010. 3800622ʃ2 
10.04 14970010. 3797868021 
10.04 155 5010.379565 11070 
10.041613 110.3792368 019 
10.04 167 1210. 3789618181 
10. 041729300. 378687 2417 
10.5417875ʃ10. 3784129 
10.041845 10.378 1388 5 
10.2419029010-37 78645], 
r010419622110-3775912]3 
10,04202061104377 317611 2} 
10-04207g0[10.377044 3Þ1] 
10.04213741[10.376771 3308: 
ro. 42195910. 376498. 
to. 422544/10. 3762257 
10.042313012375953 
10004237 1610437568108 £ 
10.0424303 10:375408z 
10.0424589010-3751371þ 4 
10.042547 8010.374885; 
10.04 259660+37 45940 
10042665 411043743228) 1 


t00427243[19:3740517]/© 
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4o:625919 309572757) [:563572510.3313275] [10.0427 243 19:37405 1: 


626219 119.9572165||9.6590023110-3309977] [109-2427 $32 10.37 3730, | 
20.62648971949571575 9.6593319110.3306601 10. 9428422 104373510 |; 
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wh 9.527701 5.9569 215 19.570648110.3293514] 10. 04 30785 10. 3724 299; 
5 719-6278397|3.95 68623 3.6709774110.3290226] [19-0431377]10437 21601]; 
7 J. 626 109%. 9568034 [9:57 130601043 286940[[10-0431970110.37 15910] 
1 919.6233782/9.9567437 9.6716345/10. 328 365 5| [109-0432563]10437 16215 
l 95.628847 29. 95668440 [9:57 1952610. 328037 40 [12:2433156[104371352)] 
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10-2434939110-3705471 
10.04 355 34]10+370275g 
10.0436130]104372011% 
10.04 367 24104369743; 


* | 1]9.62891609.9566259] [9:97 229 10.10. 327709 
| 12.629 1845. 95656560 6.6726 190010. 3273810 
3.52945 29.956506 [9:07 2946510.32705 32 
141.6297 21 19.95 64466] [9467 32745]1043267 255 
P. S299 890.9563870 9.67 36020 1043263950 
19.6302568|9.95 63274] [9+6739294[10.3260706 
[7930524 9.9562678 96740591.325734 10.043732 410.3694750 

5.630917. 62001 341043254164] [4379 191104369200; 
l$[-6310589,9561483] [749 106/10. 3230893 [101043 $191104355g411] 
2] 6313255,95 60586 56675437 410.3247640 10.0439 114/10. 388871 
21 Hur 29860287 4633 18.374476 [19:0439713]10-368407; 
27.631859 16.935968 [9+575590J10,32410g7] [191944931] 10,368 140%}! 
'F 15321255]g.g55 38 916762165)10,3237835 10.044091 10.367874 
2449/632391. 536490 9 7603360022477J 44311 10, 36706. 
25049 32657919557 go 9.676 6861043231314 10.044211 10.367347 
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20 96342563 3p49557 25, 9+6771944\10.3228058] [19404427 1 11943670767]14 
1270.633188 $6685] [9:6775201110,3224799] [19:9443312[10+366811 113 
"1? 331999]2:955 ö 0.3 4799 [101044491 3[t04365545%11 


94633454 2g.g5 56087] [9467754 56]t 013221 544 
251345337 194 9g 555455 067817ogo 218994 1004445 tx0104366250th}! 
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16329344 99 534 . 946784961 10.321039 1000445 115 10.356901 56% 
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Ml 
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1625 


315.6342491 
3219-63451 


«6410640 
641323 
9 5564139 


606411 


«6360969 
' 9.636360 1þ 
4c19-6366231þ 


A 6368849) 
2 03714 

194637 
11540 
456.6837935 


4496381965 

4 115 
49.638981 
509.8639242 9.954474 


F1 5575757 
9.397636 
535.6400346 
54.640264. 


$221k 
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5551259 
5550653 
4454 
9.954 
9.974 


9541227 
99547619 
9.947010 
5.954640 

995547053 


94954518 
5744574 
99543963 
99543352 
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95417 
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5.9749 
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96784961 


1043215039 


Secant. 
10.0447 118[10.36601 56 


ol (9.678821 111993211789 
9.679 146010. 3 208 5640 
9079470810. 3 205 29 


9.679795 3]10+3 202047 
9.6801198 10.3 198802 


9.680444010.319556c 
9.680768 410.3192318 
68 1092 iſto. 3189079 
9.68 14160010. 3185840 
9.681739 10. 3182604 


2.68 2063 219.3179388 
4 Hoe t0.3176135 
5.68 2709 610.3172902 
9.68303 2b[t043 16967 


946833557[10-3166443 
5.883678 10.316321 
9.540011 10.315998 
5„684323010.3156/6 
4445305 1063153441 
684968 11043150315 
96877755 10.314709g 
oy $$12c]10-31438 
vi593391043 14066 
+ 157 310:3137447 
3.686476 104313423 
9.88608 193191016 
7425 10.111790 
15480 7935 III. 

3 110 6.880 110.3113 
3630 i816 10 Juli 
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'Sine, 


10.4457 20010. 365750949 

10. 04463 24ʃ10. 3654863281 
10. 044692710. 365 222002 
10.044753 00. 3649 5 ölac 
10.0448 130 10.346938 


[010449741 10.3644301 
10.0449 347110+364 1665 
10.044995 310.3639031 
— 10. 3636395 
10.045 1166 10.3633 376g 
10045 177 310-3631 14! . 
10104523 1 1 5 
10-045 2989110. 362389 

10.045390. 362 26g|1 < 


Ei 10. 3620645 
10.544916 — 1 
— 426 — 9 


t 10.3612 
190438017 10.4610188 


10.0 2479s 10.360747b1c 
10045737 1110.3604999)] gf: 
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— geen 
10.847869 /e 
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4 Table of Artificial Sines, 
26 Degrees. 


Tang. Secant. | 
658 1818110-3118182}[10.046339510-3581 58006 
9.6385023/10-31149770110.0464015110-3578991)5 
9.6888 227119-3111773] [100464631 10.3576404158 
96891430 10.3103570 10.0465 2459110+357 3818157 
2.689453 1110-3125369][10.046586610-3571235]5 
2689783 1119-3 1021690. 046648 510.3568653 55 
9.69010397 10. 309897010. 467 103]10-3556074]3 
10. 309577410. 0467722ʃ10.3 563496053 
03092575 [10.046834 210.350 205 
10. 3089 38410. 0468962ʃ19.3558 3465 
10.308619 1010.046958 219.3555774 
10.308300c|]10.0470203]10435 53204[49 
10.3079811]}10.0470825110-35 50635145 
9.692337 8010. 307662210. 047 1447Þ©+354505g]47] 
9.692656 610.307 343510. 047 2069]10+3545 504146 
9.69297 ch. 307. 9352425 
5.69329 4010. 306708610. 047331 fl. 35403810 
9.69 36117010. 3063883010. 047 3929ʃ10.353782½½ 
9.69 30 2g8[10-3060702[10.0474563[10-3535265]41 
694247 10.3067 522}110-0475 187110435 32710941 

10-30543441110-047581 5119.35 30156140 
100476433] 10-35 27605 
10.047 7064110435 250541} 
10.047 769611043 5225091J} 
254110-3041645][10,0478317[1043519564]j6 


M| Sine. 
09-64 1842008 95 3660 


119-642 1009.953985 
19-6423596Þ95 35369 
9.6426 182.9534751 
4.64 28765]9-95 34134 
519-6431347]9-9533515 
$9-6433926Þ9-95 32897 
71p-6436504Þ-95 32275 
P. 6439080 · 9531658 
99.644 1654.951038 
: 1019-6444 22619495 30415 
t119+6446796Þ-95 29797]Þp 
$1 219-544936519+95 29175 
$1 319+5451931Þ9495 25553 
14 8454496 .9527931 
1519-645 705 8P. 9427 308 
169.6459619 9526685 
1 916.6462 1 789495 26061 
1819464647 35-9525 437 
199.6467 290195 249 t 
120.6469844. 524168 
[2119-647 235519195 23562 
1615.447748; 
; , y *[? 
45.640585 $19:9521683 
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9$210451[2-6961427110-303847 310-047 8644[10.33 17415 
(26 9520428] (6.6557667110-3035303[10-0479572[19:35 14876] 
2719-6437 66519495 19799|[3:6967865 10 d 83 10-045020 1110135 12335133 
b. 400 20%. 51 1711] 2.697 103 219-392Bg6b[[10.04808 2541003509797} 
264927499195 13541]|p.6974198]10-3025802 100481445 1043507 36011 
9.6495 27419-95179 1 21.697 7363[10:3022637}[10.048208t$10-3504720jc 
Sine. Tang. Secant. 


63 Degrees. 


Tangents, and Secants. 


Sine. 
205.549 5274.971791! 
95.549780 99517282 
32 65003385. 9516651 
325 6502 68. 95 16020 
34.6505 395.5515389 þ 
P. S020 94951475 
36.65 104449495 14124] [9-6996320Þ 
373.55 12960949 9513492 9-699947 
3519.65 154869.9512858] | —— 
39h. 65 180046 - 951222. —— 
4c19.652052 119-95 1155 9.70069 
41]9.65 2303513495 10956 9.701 208cÞ10.2g8792 
1 7 40 970088 97018227 222 
9.65 2805. 9 509685 [94701 

> 6230500 n. 9.702151 — 
9.65 3307 549505412] þ 2 
5.655 99 775 9.70278 4f1% 972195 
63088 949507136] [9,7030946]10-296g05 
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49.643080. 03 61] b. 7070 ff10. 298477 
50.554584. 1% 2/78 10.2998) 
J. Jade 8456 6.754457 89367 
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10.0432088[10.350472613c 
10.0482718110.3502193Þ2g] 
10.2483 34910. 3499662 
10.048 398010. 3497132427 
10.048461 110. 34946056 
10.0485 24 «C1251. 
165467875 10.3489554z4] - 
10.0486508[10.348703; 23 
10.048714210.34845 14122] : 
10-864877710.3481996121]. 
10.0488 4 10010. 3247 %, 
10. 048904410. 3476965 
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10 % 10.346943 
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10.949222 1063464415 | 
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5.656798 9499451 3.706 42952536340 10, 50054 1074740 
e 849680 09.221615 19-2926 QOSOLLIGNION343D59 
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A Table of Artificial Sines, | 


27 Degrees. 
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4] Sine. 
8-65 70468[p-2498805 
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9 859 27 105 


11%. 683976 345 
12 . 0009; y 
t3 9.66025 50 - 
14 9.605005 5 
1 | 8747 7 


18.66 148 109. 487147 
195.6617257 8465772 
9.661970 2.483842 
21 867715 9.947718 
22.6245 866 9454525 
23 9,.5627026 2 9483 1 
24%. 6629464 ·548 3227 
25P.85319005.948257 
26 6865855 9481916 
270.6636768. 948 12 
2319-6539 199. 9480 


309.6644050. 247928 
+ Sine, 


9-7161682110.283831 
9-7164767110.2835233 


Tang. 


Secant. | | 


9-707 165 9110-2928 341 


9.707478 110.2925219 
9.7077902110.2922096 
3.-7081022112-2918976 
9.7084 141010. 2915859 
9.708725 810.2912742 


— — 


9. 1028210. 2897176 


9-7105933]10.2894057 
9.7 10904 1010. 2890959 
947112148 10.286 


9-7 124562]10.287543 
97127664010. 2872338 
728850 110.2869239 


71389 10.284140 


10.0501 I91110-34295 32 & 
10.0501835|10+3427054]5c 
10,05024791109-3424577158 
10.0503 124110+34 221925 

10. 0503770010. 34 19625Þ;6 
10-0504415 


10.050635 5110434097 54152 
10.0507003119+3407 29c[5 1 


10.030765 1[10+3404827|5c 
10.0503300[10-340236%; 
104339990714) 
1090509598110:3397450147 
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10.05 13900 
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100514811[19-3377855]3; 
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45.888026 5.9469372 
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10.05 28630 
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67 72795 294945 599 
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0467 3268 419+9454536 
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9.6737 409.9453285 
26739765 4 +945 260 


96744485 2451251 
> 674919 5.5449 
9.675 15465 242220 
19-675 3895 a 
9.67 56245 - 944786 
9.675859 25.944718 
190.5760937. 944601 
20 201946763284 9.944582 
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2919-6784 301 99436071 
30 — 9.243 8953 


Sine. 


n. 


IO 
1 
18 


A9. 57 16093 753575 


I 19-731141c}t0.26885g0 


— 
4401.743256 


9.725979 911102740209 
9.7262 FH 10.2737163 
110.2734119 


A210 104724994 fi 
9.72 810 1042721952 
728 105710. 2718913 
9.7 284124010. 2715876 
2287161 190.2712835 
72g019410.270989, 
9.7 2932301. 2706770 
729626310. 270373 
729929510. 270070 
9-7 302325 10-2697675 


Secant. 


110. 05 49423010. 3251 ĩ6ch 


[100540651 = | 
10,0541323 10.328 163 155 
— 3 5 
Longg2664110,3276787157 
10-054334110432744175 
10.05 44915[10-327204855 
108544090 10. 3269681 50 
100545 364[1943 26731453] 
100546040110. 3 326495 54 
10:0545715119-326 259105 
10.047391 10.326023 9 
10.05480 10.325787 
10.054874 5/10, 325510 


10.05 50101010. 3250800 
eee e e 


73053 10.269440 
730536 10.269161 


97314436110.268556 þ 


110.055 145910. 3246 1040 
10.0552138110-324375 
| 110.055 28 18110. 32414000 
10.055349 10. 3239063 


1-7317460 0.26825 40 
(10-267951 
Q 10:2676494 
1042673473] 
9-7 329547110.267045 
9-7 332566 102667434 
73386010. 2661399 
734161910.2658384]. 
734463 10.2655 36g 


97347644 90652356 


Tang. 


4 0.05582 27510. 32226915 


10. 05603 29110. 3215699 


61 Degrees. 


100.5 54179 t0. 342367 190 


10.05 54881010. 323437 ö 
10.055554 Jʃ˙ 323203750 
10.05 5622510. 3229690 
10.05 569081 0.3 227 300136 
10.0557591110-3225025B5 


| ds} wit 10+3220350 
0.0559644110-3218028}1] 


10.056101 10.3213371 


Pecant. 


——— — — c — ; 
| Tangente, and Secants. 


Secant, 
18.070707 28107 884137716 2 


1000561701 1043211045/a5 p 
t0.0562388119-3208721]a% 
100563074 10.3 206398 
1005637621123 20407 7[26 
19056445) 10.320175 
10.8565 135 10. 3199440. 
10.056386 10.319712 
10.05665 18010194809 
2 by 
10.0567898[ 23 1: 

100568585 1.318787, 
— 10.3185566 
12 7 8 Et 
l 8835 . 
— 1043178651 


— 
529 e 10.463235 d 
735065610. 2649344 


673526670. 2646333 


949436238] 7396 
9:9433545 
5434861 7260 
95444492 24736 
3:94334 

«9432792 
9:9432102 


$19+9431411 
$2]9-68 14.4 3409-94307 20 

9.68 14741 9.942002 
41968 1904619494293 35] 5 
50321365 99428643 


9.632365 11949427945 

* 2595 M9429 255 5 
41x10 282505 — I 
9.68 30548 — G 
86832 435.2425120 6 
9.685730 „944447 
8374209.9423775 


9.6 
5.58255 9.94230 
9.68 
Pet 


e 


9.6804 191 
9. S807 0 


9.58420 106.9422388 
344297 9421688 


1—. 378312177 


ente 9.94209 0 tows 790100.31 5341) 
9.6848868. 9420291 10.05 79993151132 
2 585115 9.941959 to. 5 80g08Þ10-3148845 9 


10.058 1 1050.3 146568 
of $1040 567805 03144288] of 


ISecant. Mal 


8 $3432 2 by 
821.5418193 


Sine. 


- - * 


þ = 
s -  -<. 
TT. -- oo» 

© = 

K n+ 2 * 

* 


3 —— ES. ns 
K 190 _ © + 1 9 


22 
x 


7 46990 2 

. 

> - 

4 * 2 - 
„ 


29 Degrees. 


Sine. 
[9.68557 1299418193 


1.685799 1.941742 
29.68 602679. 9416791 
319+586254 219.94 16090 

9.08648 169.9415338 


| Tang. 


5 9.686708 89. 9414685 | 


$9.6369359/9-9413932 
9.687 162819.9413279 
89.68 7389 59.941257 5 
99.6876 1619.941187 
105.6878425. 9411166 


Ip. 5880888 9.94 1046 


$| [9:7476160J10-25 2354 


i} 9.749689 210.2503 108 


| [194752347 104247652 


97437 52910-256248c 


9+7 4494 2511002550572 
1145240 31092547597 
3174553710-2544624 
[97455349] 0-2541651 
9.746132c[10-25 38680 
9.7464 290010. 2535710 
N47 228“ 2274 
947470227[10-2529773 
9.7473 19401 0.25 26806 


9.744645 100559579 


5. 747912610. 2520875 
9.748 2089102517911 
9.748505 2010.25 14948 
9. 7486013 10. 2511987 
9.749097 410. 250902 
9+7493934110-250606 


5.74598 50010. 25001 5 
9.7 50280810. 2497 19 
9.7 504762 10-04p4238 
9.75087 16 — * ' 
9:7511669[10:2488331]- 


9.-751462210.2485 378 
9:7517573]10-248 2427 
$67 520523 184473477 . 


Sn 


. «752642 O 10-2473580 


Pecant. | 
10,258 Ir 


3:7440499110-2559501] [10g | 
9.744347 010.2556524 10.058 320510. 313973 


— 4 — 


10.8001 7710.308555 


4 Table of Artificial Sines, 


10.058 39 1010.313745 
100584810.313318 16 
10.058521 T0. 3132912 
10.058601 10.313064 * 
10.058672 
109.0587425 
10.0588 125 
10.058883. 


OO — — OOO 


— 


10.059095 2 10.3114791 7 
10.059 1658 010.3112633 
10059238010. 3110277015 


— — — 


— 10.3 1080240 
10.059378 1010. 3 105760043 
10.059449 C10. 31035 ich 
10.0595199 10.3 101 26441 
10.059590 10. 309901 7146 
10.059868 19 10. 309676959 
19.9597 3341043094524} 
10.059804 1010. 309227957 
10.059875 210.3090034z6 
1009948 10. 308 779% 


10.060059 , 10:20833 17143 
10-0601604110.308 108 ift 
10.050231 N10. 30788451 
10.060303 ' 


Tang, | 


+ j++ 3 os v1 — 


Tangents, and Secants. 


29 Degrees. 


ul Sine. Tang. Secant. | 


1c(9-6523380|p-9 396368] [9:75 26420] 0.297 358 | | 2:9503024112:397501 thc 
11[9-69256209-9396253] 7529366010. 447063 [803747 10.304 380 
32 A 29395537] 6.75323 14/10. 24676 def [42-0604463] 230721498 
3319-69 300.9394821 7733235 10.246474 “ [19-0605 175] 0+3059920% 
34]-693230d[29394105] [3753 


20310.24617g3| [129605895] 10306769 2þ 6 
35|99345 349393355] [2-7541140110,245 5854 [10060661 5112-305 5460}.5 
36 69 367489939207! 13-7544988[10.24559 14] [19-0607 325 10.30632422, 
171593898 1.939195 P7479 10. 245 297 1] [129903047 10. 306 10193 
30.6541 2035.939123 4 5.7 54996710. 245003 1] [19-060376019:30537 97] 
395.694 34230. 3905 15 ö. 755 2 0510.244709 2060948509. 05657 Ja 
105.5945642. 93897 90 [+755 5$4010.2444154 10-0610204[12-3954352c 
119.6947 59. 9389070 [3:7558783110.244 1217] [19-0610924119-395 214 iro. 
499-095007 39338354 . 75617 18,10. 2438282 fl0. 0 116440030499 2018 

436952288. 9387635 5.756465 010.2435347 10.06 123650. 3047714. 
44˙5 54501. 53869 140 . 7567 587J10. 2432413 [10-961 3086112+3945499]16 
45. 95671 9.938619 P. 257 uo. 2429480 10. 06 1380810. 3043281 


76.69 5822.938547 


9757345 10.2426545] [1995145 30] 1230419271, 

47]p-596113<]-9384747] [3-757035310.2423617] b 815253 10.303887c]+3 
45]9-596333<3-93340 907579313 10.24 20687] [10-061 5976112+3936654]1 2 

4909.696554 5.5383 300 Ph. 758 22410. 24177581 to 16 730344511 
06967745. 38257 0 Pb. 7 58317 010.2414 x] 10.0617424]10-393225 c 

5119-596994719.938 1851] [9.758809410,241 1904] to. 0618 149 10.303035 J 9 

5.759 1024010. 2408955] flo. 06188 74,0278 520 


52.897 2145ſ9,938112 
535.6974347 5. 9380 
546: 6976545 55228075 
5519:597574114.9378947 
9.69809 30.937722 


9.793947 [10.240695 3] [10.051950c[109302555 3] of 
5.759687 1010. 2403 125 [1906203 26]10+302345 5J 6 
9$759979410-2400206 10,062105 311943021255 
5 76027 14110.239728;|[10.0621780[10.3019064 
bs z 949377492 97604637 1042394363] [10-2622508]19-301687 i] + 
366.698 5326. 9378764 þ47508557[10.239 1443] [19.0623 236 —_ 

«919+6987 5110.93 96935 [3+7611476 10.8308 241 140.0623965110,301 243; 

601.69 8970.937 5306] 11751435 102385008 10.06 2489 4˖0. 301000 


Sine, | Tang, Secant. || 


60 Degrees. 


Nun 


* - - © 
* Ta 4 3 *F* "= 7 


a *F PR * 7 * 
ren 
2 a 4c — wi. are 


30 Degrees. 


4 Table of Artificial Sines, 


_ 


29375306 


112.6991887 99374577 

3.60940 733949373547 
19.5996258[9+937 3116 
19.699844 119+9372355 
5Þ+7909622]+9 371653 


- 


— — — >. — 


; 9019.70225021[9+9370921 


I 219.701 


135.70 1802 
14%. 7020 19079365047 
159.7022357. 9364311 
109.70245 23194936357 
17. 7026687936283 
187.7028849. 9362098 
199.703 1011 ˙93613 

70331709. 9360621 


229.7037480. 9359141 


23%. 703964 11949358401 
24%. 704 17956. 9357660 
2519-704 3947]p:9355915 
20. 748099. 9356177 
27.7048 246.9355430 
289.7050397. 9354691 
2919-705 2543]9+935 3948 


Tang. | 


97617311010. 2382689 
7620227110. 2379773 
19.23768 58 


9.76250 5010. 237 3944 
7628969ʃ10. 2371031 


5.7614394110.238560q | 


19-705459919+9353204] [9:77 0342! 


„. 


o. 30 10308 


10.062542.119+3008113]- 
— 110.3005927 i 
10.2626884] 12:30 23742} 
10.3001 55956 
8837855 


10.063127 
10. 06320128. 


- [1052979810 0 
10.297764 < | 


10406401 151104 296467 j 
10.6408 5.29625 14% 
10.064 1595 
— 
2 


10.06445 6610-295 1752);). 
10.0645 30910. 29498035. 
10.064605 21042947457}; 1 
10294531112 


| 30 Degrees. 


Tangents, and Secants. 


| 


_ 


„„. 


Sine. 


- 30 7054689 5 835320 


3156.70568335-9352455 
3249-705 897 5PF· 5351715 
33 9. 7061110 «935296 
24 9.706325 09-9 350223 
[35þ7255 394Þ:9349477 
13519-70675 3119-93473 
[37]9-7069667]9-9347983 
38.707 180119+9347235 
39.707 3933.934648 


141 9.7078 194 993449858 
14939-7080323[9-934423 
319-708 245019+934 3485 
4419*70845 751949342737 
IEP 7255599Þ1934 1950 
409.7088822 9.9341234 
14719709094 394934048 
145]9-70930649-933972 
50-7097 2999-9335 22: 
5119-70994 151949337467 
5216-71015 29194933671 
5319-7 10364 219-49335957 


5619.7 109975113686 
1571947 11205019493 3293 1 
947 11415994933217 
9471162904449 33141% 


9.711839 34933005 
Sine, 


541947 10575 3949335 201] i 


19-7701485 


Tang. 


97704373 
9.770761 


10.227255 
7730327/1 0.226967 


— 82 — 


545! 
9.77 0481010. 2235184 
5.778768 50.223231 


Secant. 


_ TW hs 
100647541] 2943167125 
10.0648 28 5.0. 294102528 
10.5490 il0. 293888.“ 
10.0649 777[ 02936744076 
10. 06505 2300.293400 25 
10.065 127c] 12293 246542, 
10,065 2765] 12928 195123 
10.065 35 14] 2292606721 
10.065 4262] *2:292393&2c 
[10.0655012]19-292180Qt g 
10. 0655762010. 2919677018 
0.06565 12 100.2917550 17 
10.0657 263010. 29 1425/16 
10.0658014|19:2913301|15 
10065876611 2291117? 
10.06595 18] 290905 
0.0660271]12:290693 
0.0661024] 192504818 
— 
10. 0663287 
10. 0664043 


10. 0664799 
LO.0665 55 602299213 
t0.066631 2j10-28g002% 
t0.066706g] 17428 toy 
* — td 
10.066 585 10. 28837 ic I 
10.0669344110-288 160F © 


8 


1 - 
thc 
* 


A Table of Artificial Sines, 


31 Degrees. 


A Sine. 


Tang. 


9.7787737/]10. 2212263 
9.77905 99110. 2209401 
9779345910. 2206541 
9. 77963181 9. 2203682 
9.779 9177/0. 22008 231 
780203410. 2197966 
9.7 80489 110.2195 109 
780747. 2192253 
9.78 1060210. 2189398 
9.78 13456010. 2186544 
9.7 816309 110.2183691 
9781916210. 2180838 
9.7822013ʃ10. 2177987 
7824864ʃ10. 2175136 


9.7 118 393%. 330650 
150.7 120495 · 93 29895 
9.712259619+9329137 
219-7 12469519-9328376 
_ 419+7126792]9-9327616 
- 519.7 12883gſ9+9326854 
$19.7 13098 3 · 93 2609 
7˙7133077P· 9325330 
19-7135 169]9+9324567 
9.7 137260 · 93 23804 
09.7 139349]P:9 323940 
159.7141437 9:9 322270 
129.7 1435 24949321511 
13.7 1456096 · 93 2074C 
149.7 1476936 · 93 1998 
L$1947 14977 6Þ0+9 319213 
109.7 15 135 71949 315447 
(7153937194931767 
«715601 5[949316911 
9.7 158094. 9316143 
9.71 168.9315374 
211947 18441405 
22/947 164316%· 9313635 
| 1947 166 8 «9313065 
947 168458194931229, 
251947 1705 26j949311522 
15 11844. 9931075 
7 174688; · 9309908 
$1947 17 67 251949 30g 205 
201947 1 785 Byf9:g 300432 
30%, 1808 5 119+230765 8 


Eine. 


— 


* 


Ito. 2135318 
«78675 20 1081 40 
97570357]t0.21 29643 
9787319319421 26807 


J 


0.06823 10. 284606543 


Secant. | 
10.0669344|10-288 1607 
10.0670103 02875705 59 
10.067083 flo. 2877404055 
10.067 1624 . 57 
10.067 2384010. 2873 208056 
10.067 3146010. 2871111055 


10.067 3908010. 2869017054 
14057467 10.286692; 52 
10.067543 3010286483105 
10.067619 Uf. 286274051 
10.0676g60419+28606s5 1]5c| 
10.067 7724110-2858564} 
10. 067848910. 28564708 
10,0679254]10-2854 39147 
10,.0680020110-285 230%. 
10.0680787[99+28502 24/45 


10.068 1585 10.2848 143 14 | 


10.068 3089110. 84398 04 
10.068 38 5710. 84 1908041 


» 


10.069g0795HoB2g2ry[32}. 


10.089 15680-2821 21113) 
108892342 10.8 19149560 


ecant. u 


& 


_ 


1883888888 


30 


Tangente, and Secants, 


f 31 Degrees. 


| 
Ml Sine. 


3009. 7 1808 5 15. 9307658 
21194718291 9.9306383 
3219-7 18497 1%. 9306 109 
330.7 187230P+9305 333 
3419-7 1890861949 304557 
35-719 11428-9393781 
36Þ9+7193196[9+9303004 
37 9.7195 24919+9 302220 
38.7 197 3009391445 
396.7199350. 900670 
40%. 7 201399 9.9 299891 
720344 9299112 
720549 36˙ 929833 
7205730 
11947 20958 1p. 92967 70 
5-721 1623492959959 
1947 21 36641649 295 20 
9.7 21 57040949 29442 
$947 21774 3þ 
1 7219 75 . 


929285 
947 221 I 
21722334! 
5.523380 
974179175 
$947 2299475 


9.292504 
oor 711 
1918893 
528914 


oO 


91947 1400/5. 1849 - 


Sine. 


949297551 f 


99 29207 3] 78870 
5.529 1289], [9479 


P. 124209 05.9284 205 


Tang. 


97877193 10. 2126807 
9.7376025|1942123972 
0.7 $78863]10.2121137 
5780169 10. 2118304 
9.78845 290.2115471 
9.7887 361]10-211263 
9.78y0192]109-2109808 
9.7893023110-210697 
789585 Aro. 2104148 


9293641 5.79 


7 
9.9795 2268]t0:12047732 
9-294 3081110204491 


. 1978 10-404 10k 
Tang, 


88 Degrees, 


10711855 t9.29680 


Secant. 


t0.0692342110.2819145}3A 
10.0693 117110. 28 17088029 
10.069389 110281502928 
10. 069466710. 28 1297002 
10.069 5443ʃ10. 28 109 14/26 
10. 06962 1910. 28088 5 8025 


to. ooo S0. 280680424 
10. 06977 74ʃ10. 280475 1123 
10.069855 410. 2802709422 
10.0699 3 200. 280065c zi 
t0.070010y[10:2798601]20f / 
10. 070088810. 2796553 
10. 070166810. 2794501 
10. 070244910. 2792462 
10.570323 102788115 
10.070401 io. 788377 
10.770479 91104273633 
10.070357 10.2784 256 
to, 070835910, 2782258 
190707 1431102780221 
t0.0707927110.2778 186 
100708711 1042776142) 5 
10.070649101427 74119] * 
100071025 Yt10427 72087 
10.07 11068 07004] . 
2 


10407 126410429 6600kh | 
10.07 1342g110+27 63974] 3þ 
100071421919: 8761 94g] tf: 
10007 t $604 to:25 $99 84þ) 1] 


100% 15799 1048747903]; © 
Secant. 


- 


! 


| 


— . — 


4 Table of drtificial Sine, 


32 Pegreer. 


Sine. 


39.7248 156 
524 555 


5 


p 4 72 
10 947 262245 2927628; 


11 9.7 264.257 


1145.727027 3Þ4927310 
1 P 2272218 


109-7 2742784927150 


1649.72 2775.528571 
11915, s 8g 
20% 28 227 11949 2683 


211347 234.26 Aro 


121% 286 260]gig 2667 i 


2g]7 28825 394g 255913 


5 217 290 24: 9546171 

f A gigs 

de 5288 

| 105488 
27298 15 

45 moons 

use: 9316 


211 5896 279 


44+ 199 
802 


5.52750 
112. 2662641949 74095 
(1 31547268 26g]949 27 389% 
9. 927230 


191947 29627 81949 2707 11] [9 


118248 72 
— 1991 


| 


| 29.7 242097Þ9 284205] 
1 9472441 18þ.9283415] Þ 
29.7246138|9-9282625 
9.9281834 
9281043 
9280251 


9.7254204Þ-9279455 
5.723627/.527 8666 
9-7 258225 270 


| Tang. 


97957892 10.204210 
3:796070310.2039297 
5.79635 1310. 2036487 
9. 796032410. 2033678 
5.7569 13010. 2030870 
9.797 193810. 02806 


9.797474 02025235 
97977550. 2022445 
9.7980356]1042019644 
9.798316 10. 2016840 
5.788 794.10. 20 140 30 
9 8 7767 1042011233 
9.799 1569g[10.2008431 
$47 994370100200563c 
947997 17 410.2002 3G 
9$7999979[10-200003C 
ene, 10.199745 
ee 
Os 
gente 10.158833 
9.901 o. g86043 
9. Jos J. 1964448 
N — —— 
9.9022 340010.f1 
wo 133 101486) 
„ges, 1%½89% 
eee iel 
po $633506 — 
* $03 ap 1e. 1963794 
9.eſee 410. 194877 


9. NA tele 
Tang. 


67 Degrees. 


Pecant. 


10.071579 10.475750 0 
10.716585 10.275588. 
10.0717375119+275336:]-3 
10-07 1816410.275184/7 
10.0718957 
10.0719749110-274781} i5 


ͤ——4—ͤ— — — — — — 


10,07 2054 111992745794; 4 
10.0721334 104274378; 


— —  — 
ä—ͤ— 7 3ñ —3ꝝ ꝛ. -L [“ wwe 


10.07 445 16]9+27 3574319 
10.0725304119427 33730 
10.0% 26101]19427 317311 + 
1047 268g 7119427 29727116 
10007 27694119427 27724115 


— 10.272572 J 
10.0% 2g28g]19427 237 «1111 
10007 3008 9110427 2172; 
10,07 3088e 10.271971 
1062717)! 


16:07 1640 10 

19.0% 1040500 if 
1 engen 01 
10.07 38g 10.55 ih 1 


1211225 10436 Vite 
Secant. |) 


—— — 
Tangents, and Secants. | 


1 32 Degrees. 


Secant. 


Sine. Tang. 
oh- 302 1659.9 260292 9.804187 10. 19581271 10.072970 10.26979353 
. 9. 804466110. 1955339 


— 23 — 


31%. 304 1485. 9259487 
325˙7 30612 9258681 
33 9.7308 10 9257875 
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9-3752734[10.1247266 
9-3755365[10-1244635 
9-3757996[10.1242004, 


9.8760627[10.1239373 
960703257 10.1236743 


9.87685 1510. 1231485 
9.877114 10.122885 


Tang. 


— 30 
10. 1249898 


10. 1234114 


10.9 4921310.225612. 


Secant. | 


10.0949148!110.2254417 
10.09 5008410. 2252712 


10.095 1020010. 225 1007 
10.095195710. 2249303 
10.095 289410. 


10.995 570910. 2242499 
10.09 5564910. 2240801 


10.09585 3010.22 


10. 09604 1310.223401 
10. 961356110. 2232324 


10. 096229910. 223063 1015 


10. 096324310. 222894 
10.0964 18710. 2227250 
10.0965 132 — 
10.0966077[10-2223572 
10.0967024[10-2222185 


10,096796g[10.2220499 
10. 0968910010. 2218814 
10. 96986410. 2217130 
10. 09708 120.2215447 
10.0 971761010. 2213765 
10. 0972711010. 2212084 
10.097 3661 1 
10.097461 110.2208725 
10.0975 5844t0. 2207047 
0.09765 140.2205370 


Secant. 


10.095 383210. 2245899 


5740719 
10.095947 110.2235711 


Ir A 


53 Degrees. 


> ; ; | | | 


— 


A Table of Artificial 
37 Degrees. 


Sines, 


— _— 


«7796304»-90225 34 
219-7797981Þ9921551 
39.779965 519+9020628 

7801 3289. 90 19674 
55. 780 300c . 90 187 19 
66.780467 1%. 9017764 
78063415. 9016808 


29.78 1467 5.90 12021 
1135.78 1633999011062 
14.78 180029. 9010102 
15˙78 19664]7-9009 14.2 


Tang. | 


9.880790 


9.8777144ʃ10. 1228856 


9-877 3772] 0-1#26228 
9.57 76400[10-122360C 
9.8779027[10-1220972? 
9.878 1654010. 1218345 
9. 8784281019. 1215719 
9.878690 10. 1213093 
9.87895 330.0. 1210467 
9.8792158 10.1 207842 
9.879478 210.1205218 
9. 879740710. 1202593 
9880003 Ito. 1199969 
9.380265 410-1197 346 
9.8805277ʃ·0. 1194723 
10.119210 
9.88 10522110. 1189478 


16/9.7821324154900818 1 
179.78 2298 q19:9007219 
189.78 2464 31949006257 
199.78 2630 16.9005 294 
209.7827958 949004331 
21 772961 
229.793 1264 Cr 
219.78 3292494900143 


25917836227; 


269.7937876 
29'9.18428 2419-399 5636 
86.56 1.899466) 
1 . ; Sine, 


949003367|[p,682624919-117375 
9.882886 
9.78 9.90004 72 813445 10.116597 
449. a PD J 0110. 
457878425 99 $06119.8836721[10-1163275 
99935 3911948835 39810: 1180662 
2919178395 u8[91599757 211.8484 1956[10.1158044 
adp.7841177]p-$9g0 04 643750 —— ay 
91+ Vs 


9.881314 

988157860. 1184235 
5.88 18388ʃt0. 1181614 
9.582100) ft0. 1178993 
388236291101 176373 


t0:1171134 
1041168516 


1152811 


10.114019 


95471 


„oz 


10. 09765 144102 205: 370 6 


10. 09908 5810.21 8033603 
10. 11868 5610.99 119/10. 21786760 
19,099278111042177016}41 
100993743] 2-2175357142 
10,0994706]10-217 369911 
lo,0gg9g 66g]102172042]40 
10.099683 3 10.2170386]; 
108887737 

10.099856 
toOgggy 28010:2165425116 
1010004g4110-2163773); 
1041001461[1042162121 
t0-1092428[10421604714]; 
10. 100 9610.215684 
10,1004364110-2157176 
10,100 


Secant. 


— 


10,09 et. 220369459 
10. 9784191. 2202019558 
10.097937 210.2200345) 
[0.09803 2c. 2198672056 
10.098 128 100.2197055 


— 


10.0982236 10-2195 32564 
10.0983192]10-219365g]., 
[00984145] 199219 1gge];2 
10.0985 10501221903 23];1 
1020986062 10.218865 50 


— 


t0.098702cÞ10-2186gg0] 0 
10.0987979]10-2185 325145 
[0.0988935 10. 2183661 47 
10. 0999898 10.218 1998 40 


10,21 $732 4 
2 pry nl + 


10,4117 10 


Tan ＋ 
52 Degrees. 


Secant, [M 


+ + + cc oc eG .. * 


Tagen „and Secants. 


37 Degrees. 


Pecant. | * 


3.88 49$05]10 15019; 10.100332. 21555250 
9.85 24 acl10.1 1475780 lic. 100630 10.21 3883075 
an 10. 100727 li0. 215223028 
9.88 5765010. 1142350 110-1008 24410. 215059427 
9. 886026410. 11397300 fo. 10092110. 214895 1126 
9 „8862878 10. 1137122 fl0. 1010188110. 2147309 25 
deze i 10, 1011160010. 2145668023 
6.785774 898786) 9.8868 10510. 1131895 0. 10121330. 2144028023 
187877444 . 9.88705 1800.112928 4 10. 1013 10710. 214238942 
7859 2495.898 5919 887535 10.118600 —— 62240751004 
0 9.736088qp-5984944] P. 8875942l10. 1124058 f. 101 50 fee. 2139 1 14/20 
478622 9.898 3908 9.88785 54/10. 1121440 10. 10160320. 213747 ö tf 
þ:]3*7 8641573982992 9.888 116510. 1118835 0. 10170080. 213584 lil 
43þ.786579iþ.8g8201 5 9.888377 510.1116225 — 0.213420 
446.7867 4245. 598 10360 P. 888538610. 111361 [to. 118984 .213237 
450.7869 5c. SYS o 9.888 899 cff0. 1111004 0. 1019908. 21994. 
142.737068748g 75002 2.889 180510. 1108395 t0.1080p1] 10.2129313 
1 5.789723 1 7.8978 104] [9.389421 41011105756] ,021597 9.212768 
d. 787394 300977103 915396523 10:1103177] to 1097/0. 12605. 
hs 9.757777 570 143 


„89943410. 10056 2 
. | Hh, 9975108 91890204 10.1097 g6c 10. 102483 8 


_— 7 —— — — 


9.904840, 109537 [tortong8ig 0212117 07 
9.890% 254]to:tog2746] 0. 10680 01,119 54/9 
5.890966 110.1090139 
o:891 2465110110374 32 
9. 910% to, Age 
9.5 777005 1001002321] [10610307 3910421 1975 
| loo 92028 4410410797 14] [104103178 —_—_ 
gy 2ab yr [1041077110] [101103270 — 
152 40 0.104700 [100104369 g10-216 - 
100 8g a80gh]0:1071904] 18 67g,19-21"648 


Tang. || — 


Sine. 
309:7844471]p-3924667 
31; 9.7 8461 175 5.599369 
1 7847762Þ-3992727 
39.7 849406. 89917 
785 10490. 39907 
55 2735 2691]: 898981 
606.7854332 586580 


se. 71869 44.694 165 
Yi III D. 955626 
; 457990184 3327750 
6.79 68 200 
,L $9342cÞ 8964321 


Sine, 


. — 


9 
— . — 
| Jn wo x. P — - — - * 25 > & — 
4 . Ren << "# 3 4 - 
22 on mop EYES vgs 2 — 


- 
. — © >» 


- —- 
* — * 
ANTI — 
5 
* 


= > 6, 
= * 
2 


* 


> 


— — 


— — 


A Table of Artificial Sines, 


38 Degrees. 


— — — 


[1047909541395 4227.894119 1944881 


11464791 59633-5395 1445][3+39645 17 


Tang. 


789 242c 5.8985 3210. 892809 8]10. 107 190⸗ 


| 1h-789503e[3-8964334[[9.8930702]10-1069295 
| 219-789665413-3963346][9+593330 101065694], 


7898260. 896235 8b. 8935909 — 

9.78998 dc. 896 1369.893811 — 
790149: 2-38960379 9.8941114ʃ0. 103888 
59047 155-8958 3980. 89453170. 1053683 
7908 325· 59 7406.5. 894891 


1 
8 
6 


10. 105 1082 
7907933089564 140.895 151910. 1048481 


Jig. So 4A, 595671910. 1043281 


129.79 1275 419-395 3435][2+3959319]10-1040681 
130.79 1439.89 24406-8968 19 18010. 1038082 
10. 1036483 


158.5237775.8525 


4155.291756 9.39304 50.8962 11010.1032 84 


Jide. sig. 1oοe 


1169 
7 e 457 9.897231 10. 1027688 
189.7922369 9.894745 [P- 89749 0010.102509 


195,723 8946461 0977507 10,1022493 
20947925566 9:3945463 28980104110-10198g 
719.7927 163|9-8944463][,89327 

229.7928760j3+-3943464||3-3985 29610. 101470 
23 947930355|9-8942463]1--8987892[10-101210 


19,1017 300 


249.7931949. 894 1462 f. 8998700. 100951 
259-7933543Þ Ses: 20 een 
4780.899567 7/10. 1004323 
27 9479307 27P:093 456}3-3y98271110-1001725 
289793831 7]-8937452 $65[10-0999135 
299.79 3990716.893644$1-9003459/10.0996541 


309-79414999g:8935444[[?: 006052110.0993948 
Sine, Tang. 


Secant. 


10. 1034575 
10. 1035680 


10. 1036659 


10.103764 
10.103863 
10. 1039621 


10. 1040611 
10. 104 160: 
10. 1042594 
10. 1043586 
190.1044578 
10. 1045572 
10. 1046565 
— 
10. 1048555 
10.104950 


10. 1050547 
1051543 
101052541 
1041053539 
101054537 


101055937 


10. 1056536010. 20) 1240 


10.105 $37 
10.105853 


10-10595 39110-2066457135 
10.106042 


10. 106 154. 
10. 1062540 
10. 106365 


51 Degrees. 


10. 21065 


* 


10. 2104964059 
10. 2103348 5 


10.2 101734 


10.2100 12006 


10. 2098 50 


| 062096896 5 


10. 2095285 
10. 2093675 
190.2092067 


10-209045g 


10208885 2]; 


10.2087 246 
10.208 5641 
10. 208403 


10. 208 2434 


10.0957 
10. 2079231 
10.207731 


2[10-2060093 
[0.10645 56 10.2053504130 


10.2076032 
10.274430 
10.2072837 


10. 2069645 
10. 2068051 


— 
10. 2061683 


Secant. 


Inngents, and Secants- 


cb. 79887 8c. 891 


„7969-59 1725 
4519+797.1$01]p-3g 16242 
$[a797307 1Þp:59 1522 

$119-79746408-89 14208 
« 119-797 6208-39 13 191 
$319+797777 5]Þ+539 1217 
$413+79 8380 81515135 
3 P.79 2 

db. 7884470. J569 173 
18s ee ee 
5*[2-7985 5945 

5519-7987 15 8]9-3906049 
Sl 1.79887 18þ9.890502 


Line. 


i7 5.79683 59648913 274] 5 


9-905 525 
9:9057845]10-0942155 
9.006043 1010.939586 
9.905 3017/10. 0936983 
9.9065603110-093435 
9.9068188110.0931812 
9.907077 3110-29259 22 
9.907 3357110-0926643 
9-9075941110.092405 


5.50 


110g]10.0918891 
5.508369 110.0916308 


51 Degrees. 


a 


525 


P | 


0.092147 


Tang. 


410. 10807 1110. 2033214014 
10. 108 r72410-2031641113 
10.108294210-203007ch1 

10.108375$]10-202849911 1 
10.1084774110-202692gh1c 


.de : 

10-20237924] | 
10. 1087828010, 20222235 
to. 10888470. 20206 53 
10. 10898870 10.201909. 
tees ee 
10.109 1908 10. 2015966 
10. 1092929 — 
10. 1093951 10.2012 — 
10. 1094974 10.011 


* 


2 


— 3 
38 Degrees. 

u Sine. Tang.“ IbEecant. 
709.79474969. 8935444 9.900605, 10.0993948 10.106455<10.2058504[30 
io, 08 210.8, 443 9. 9008640 10.991355 0. 1065 5610. 205691729 
+ eee 9. 9011237/[.o. 0988 10. 106656710. 2065 5330020 
1319-794625 619.89 32426 9.50138 30 0.098617 2 104205 3744127 
34 9.7947841 7.8931419 9.901642. 10.0983 10. 106 58 110.2052155 
355.7949425. 89 304 120 P. 01901 3|10-0980g87] [10.1069585 —5 09257 
109-795 10089. 892940 9. 902160410. 0978 10. 107059010. 2048992044 
37.79525 909.8928395 [9+9024195110-0975 10.107 1605.10. 20474 cla; 
10.795417 119.8927 385| P. 02678010. 097321 10. 107 26150. 2045 8292 
19194795575 19.892637 5 [9:992937410.09706 10. 107362510. 20442491 
ic 3:7957 330|9:39 25365 9.903196 10.096803. 10.107463 50. 204s7 c 
45.7.4354 [949934555 10.9854 [10-1075646[10-20410g1 is 
1113179604569 59 23342 $544] 10. 107665810. 20395 14115 
1.756 2062.592232 ie 
145.7963638. 8921316 10.197868 410. 2036362016 
4513-7965 21 29+5g 20303 10,1079699110-2034788]1 5 


| [Secant, | 


þ 


A Ta 


«+ 


ble of Artificial Sines, 


Sine. 


Tang. 
9.79897 ö. 96020 9.909369 100916308 


9.799027 5.904000 [9903627 5|19.0g13725 
9:7991836þ.8902979] . 908 88 5810.09 11142 
30.799 30h. 8901954 [9+9091440t0.090856c 


3 9 Degrees. 


Secant. 

10. 1094974010. 201128205 

10. 1095997 1 99 
5 


10. 109702 1010. 200 
10109804 510,2006604; 7 


P. 7986 5075.889990 


+909402Yt0,090597% 
909 05.10. 903397 
9.9099185to.0g20815 


4.799495 ip. 8 900925 


8.798082. 5898877 
a 9996 169.8897853 
. 8002721. 889579 


o. og o/ ii. aoo oe 
[0,1 1000970. 2003493055 


to. 1101123 —, 94 
10. 11021500. 20003845; 
10. 1103178010. 199883105 
io. i io zꝛc0c 10. 199727961 


. Icly.,8004 272.8894765 
"1  ['1]p$005823]2.889 3730 
3 a 12 300337 b. 889 2706 
4 13%. S008 92 1p. 8891675 
14%. 80 104686. 8 89064. 
117.8012015. 8889612 
105.8013661 88858 

b. 98887 547 

. 1859. 9016649. 8886513 
| 199.80 18 19. 8885479 
20.801973 0.8 884444 

21. 802127 9.889340 

a2. 80228 166.8882372 


9. 911466810. 088 533 


9491 3786810.0862132 


190887913 


9117245]t10.0882755 
9119824]t0.088017 
1912240N10.08775597 


9124981 10.57 501 
912755$10,087 2441 
«9130137 10,.0869863 
«91327 14t0.5867 28 
1913929 1110,086477 


18.110523) 0 
10. 11062 

10. 110729410. 199 262 
10.1 10832510. 199 10790) 
pb 10.19 47k þ 
10411103 


t0.1111420t0.1986 29144 


t0.111245 101984894143 
10,11134 


001994177 
1 


$[10-1987934[45 


t0.19834351142 


26 
2 


2319.802435 5{9+388133 $914392N10,0856g 

24%. 80258694. 888029 596.10. 08 5440 

2. 802743 P. 889260 12IIto. 985182 
9.028988. 88782710 . 9150747 10.584925 
9. 8030504. 887718 220.0846678 


io. 1124898010. 1966428531 


10. 112177910. 197103434 
10. 11228 18010. 196949033 
10. 1123858010. 196796272 


10. 112593910. 1964895 30 


280). 8032038. 8876142 96 10.0844 104 

29. 803357 20.8875 102] [94915 40.841 2 

399-8035 105%. 887406 10 P. 2 5104,10. 0838955 
| Sine. | Tang. | 


50 Degrees. 


(Secant. M 


ld. A A. AA £aS- a. a @A4 Ja , ñ̃¶ , — — — 5 


Tu 


i. 


Sine, 
9.8035 105P. 8874061 


31 98036637 $873019 
329-8038 168.8871977 
33]9-50396g9]-8870934 
3419-804 1 225k * +44; 
35]9-3042757]p.886 


— 


396-8044 284[3+8567801 
0 9.90458 110.8866750 


3 9.804 3 8865710 
T: 5.804809 118864663 


846 


09. 805038 F. 8863616 
4p. Jof r hNezeg 
. 905495 1.860470 
14%. 8056472. 5942 


+5] 


— 


9.80595 ich. 837 310 

280 4h 5 8846267 
2. 806254461885 521 5 
pI9-.8064060[p.88 54162 
2.8065 575/19.8853 tog 
wp SOOT OUGN 107 
9,806 60 9.335 1000 


$9.80745459-8846775 
9.3076154]3+8845717 


919.3079 16919488435 
OG 75Þ+384254 


„ as 


$057991 2835 $370] (94919963) 


12077 


9.807011 9.884 
. 890716 6.884888 
9. 80731309. 8847832 


9.807766. 88 44659 


ang, 
2.9161045|10.083Rg55 


10.036382 
10.08 3380 


39 Degreer, 


[{Secant, 
(191125939 10. 1964895 


Iro. 112906810. 1960301 


10. 1134290 


10.1 1395 


9 


1041126981010-1963 


2 * 
10. 11280230. 1961 


8 
432% 
10. 11301 100. 195877 
1011311540 19-1957243 


1041132199 44> 2 
LE oc1942664 
to1951136 
10. 194961 ff 
w.19430g2þig 
10. 194850 
10.194504 


10. 19435 abfe 
10. 1942009 


10. 19404 c 
10.193897; 


1422315 


— — — 


to. 113 435 
1041138481 

c 
10.1140 10 
1041141630 


10.114261 


10 114 7% 
10.1144 


10. 1150055 7 
10.111111 949447 [x oy 
10.1152168]1041926864] 

[01153225 *0-19253 $4] 4 

10.1154 2821121923340] 
10.1155341010-1922335 
19.11564n1]19-1920831] 1 


10.115748 10.191932 f C 


| 
Secant. 


I Sine. 


E: 


— 


K | 1 n 6 Talk 
40 Degrees. 
Sine. | [Secant, 
Tee N50 — 1 1001919325 
| 1]p-8582189þg.35 41 515 


9.983684. 804 


9-503 6690 | 
| 0 750700 7 
7 


y «50041 
te] .80g56866.883190 
17 9e N80 „ed 
120. 80986786 00277 
1 3]3+5 10017 26-88 2870 
1413+31016643.$8 27638 
15 9.8103 159.88 26568 
ſeße. Jide 5c. 2549 
17.8 1061416. 882442 
1 6409 215.8822287 
199.8 10912156.8822286 
20.8 1 106099. 8821213 
21.51 1200.882014 
229.8 1135835. 88 1906 
239.8 11 5069.88 1799 
1245.8 116554. 88 169 18 
255.9118038. 881584 
209.8 1195 215.88 1476 
279.8 121003h. 88 13689 


295 ·8 123965. 8811534 
20 9312344 8810455 


Sine. 


930475 510.0695245 0. 118522410. 188047 
| 9307 21 10.0692689 [10.1186311110.187$997h3 
286-31 22484þ.8812612] [9.9309 


© 
vo 
= 
BN 
= 
5 
G 
— 
— 


93149 10,0685011 10.118954 10.187457050 


10% 1 Wag 
ap 4 > 10.1916310];8 
10.116064 ft. 19148125) 
— 10,1913; 
[0.1 1627681104191 150k 

t0.1163832/i6.191030 $4 
10.116439$1to.1g0880h} > 
t0.1165961 Ar T 
10.116 610. 190581101 
10. 11880 10. 1904 3 14] 


101189 1 eght6.1g92816|j6 
1011702241011 i; 


10. 117129400. 189 
10. 1172380. 189820010 
10:1173432101896841[45 
10.1174501|t19.18g5 35044 
10.117170. 189385 
10.1176643[10.18g2 
10.1177715[10.18 
101 178787110.1 
10.0708244[[to.11798 

10.2705484] [10.118093 
10. 702924 [10.1182 


34 


720.0695128 10. 1187288ʃ19.18 7751422 
10. 118846010. 187693531 


| Tang, 


4 Pecant. jt 


| — — — 


„5 „* 


9 Degrees. 


1 — 


Tungents, and Secants. 


40 Degrees. 


| Sine, 


tt 250 
SAG 


3799634 
814168; 2579 546 


-8143131|948 $2974 2 
814 5000. 3796 14 
441948 1 46067]>+3795 237 

981475; . 
555 3149955 793110 
81504646 

9.815 1928194 


; 521071504 a 
555 5878757 


9.157770 5.378575 3 
9.8159235]94375547 
419.8 160694. 87843 
9.816212 9378328 1 
95.816360919-878218, 
9. 81650665). 878 10 
9.81565 21194877999 
b. 8167975. 87788 
505.8 1694 299-8772279 


op$125444þ. Nie [5.93149 


1 7 es 08770 658 10 tgo6ag[10-187307 7/85 
ois. 880g _ 10.1387 1596 

Ih 5.88007 10.119 3780 t0.18701 22} 

8131 1.880815 to. 194866]10-1 36864.6j86 
e 2.88030 $2 t0ct 194948 108.1867171 

. Ni 2420000 © | [1041 1g6030[ 19136465 7% 
5813577 2880 805 10115771 10.1864223 


9.88 0180 
9.681381 1 


Secant. 
1811787 T5 8747700 


113 
10418815 10 883736 
10118928100 8617 


10. 1200380091906 


10. 130145201 yp 15 | 
— 8110,18 86889411 
10. t 203625] 121855406 

— 13 Ng 316 
t0.1205801[1918 524 


toraoddgel 128510011, 
10. 120797910 1949536 
10.1 2090700184 07 
10. 12101801 1846899 
10. 1211252 104843145 


10121 2344110184385 5 
10.1213437 19.18422 1 
10. 12145 30110. 184076 
10. 1215624 mes 

10.121671 10.1837 84ʃ 48 


9761423061857) 
— 10.061625 
10.06 13473 


100.1221104 
10.1222201 10.1830572 


49 Degrees 


i 


— 


7 4 Table of Artificial 


4 $4 OP % 


Sines, 


Secant. 
1511208107577 


. Faces r01122330[t0.182g1 160 

8775801 99396743 10.0623267] to. 122439%½ 0. 18 29664) 
2198 193 7851945774501] P. 9 84 2226007 16 10.1225 455 1.184621 57 
9) R195 235108773401 99401835 100598165] 10.122659510. 18 247656 
. 17665 5%. U Ag [949404385010.0595615] deze 
9.37815 5.771198 p.9gg06g38te,059 3064] 10.1 22880;[10.1821857]54 
9.517958 119487 70090] [9.9409 486010.05g05 14] 10,1 229g0q[19:1529419]3 
. 8 18 025-8768993 a 10. 0587964 10. 12310010. 18 1697452 
9.8 18 2474945767859] f. 94 1456 510.0585415] 10.123211119.18 175 26051 
10.8 1839 19]945766785] [9.9417 135]t0.05 82865 10.123321 10.18 1608 if 
6.3185 364. 765880, [9.9415684]t0.0580314] 10.123432c|t0.1814636 
9.3 186807[9+5764574} [949422233 . 10. 12354 200.1813193 
5.8 1882505. 8 7634680 b. 942478 2010.575218] 10.123653 2J10. 181175 
. 81896925.8762361 9242785 10.057 26691 10. 1237639 8 
9.81911 33]9-376125 3} [9-942987910.0570121] 10.123874) [to. 1808865 
9.819 257 3195760145] [9494 32428110.0567572] 10,1239855[10.1807427144 
9.8 194012]9+37590304[9-943497 5100565024] 10. 1 240964[10-180598842 
1 8593838 98757927 9294 37524110.0562476 On 10. 18045 50/47 
1909.8 196888. 87 568 10 [9.944007 2110.0559928] 10.1243 184010. 1803 ĩ 121 
209.8 198325 · 575700. 94426 1910. 055738 1 10. 1244294010. 180 167 fac 


— — 


2119.3 1997618, 8754594 6-445 166 4 10. 1245406010. 180023939 
2219.8 201 196.8753482. 94477 1410.05 12280 10. 12465 1810. 179880436. 53 
2319.3 202630. 75 2369] P. 94 5026 110.0549739 1001247091 10. 179737037 54 
1409.8 204063. 875 1250 P. 945 280710. 0547193 10. 124874410. 1795937530 5 


5191631 10,060836 


— 


3892 +++ >. em — 


1 


25.820549 0.55014 P. 945 Tl. AAA 10. 12498 58010. 17945045; : 

P. 8206927. 8740 49457900[10.0542100 1 10. 17930735 7 

2755.8 208350. 8747912 P. 946044710. 5395 5 10.125 208810. 179164 58 

2819.8 2097 88. 8746795 P. 946299 310.0537007 10.1253 20510. 179021232 i 
95.8211217. 8745679 54800835 10. 0534461 10125431010. 178878 9 
P.821 264.4244510 9:946808410.0531918]. 1041 255435]10-1787354h30] 


Sine. - Tang,  Pecant, 4 


48 Degrees, - 


— — 


9.92 SPELL 
PR 5 . 15 
129.8215 50k 8742325 


139.82 189265. 8741 205 
346.8218351. 8740085 
35.528 68738965] N 
K 9873704 
22262119.87 3672 
j 9.8 2240429+37 35595 
36 4223802 9:87 34476 
499-3 226538 26-8733352 
41]9.8223302-873222 
125(322972119-8731102 
135.8231138. 87 29976 
44%. 823255 5. 8728849 
152328770 822272 
44-8235 3869.87 2659/4 
476.8 2368009. 8723466 
4519-3 23821 319-37 24337 
4919-3 23962619.87 2320 
502824 10371937 2207: 
71.844244 9-37 2094: 45 
5 22437786585 1 
53 $244 265% $71 631 
54 3278038 te 
55 32480839.871841. 
505.8249400 575525 279 
575.8250896 x $804 
58 +8252201k 8713008 
55þ+325 3705-37 1187 
ScÞ2-825 5 1096871073 


Sine. 


2:947063q110.05 29370 
94967317 5[10105 268 25 


94947 $7 201 0084 24280 
2 55 265[10.0521735 
08110051 $190 
—— 345511005 16645 
5.940 9910.05 14101 
9:9488443/10-25 1155 
9949098750901 
(9:9493531]10,050646g 
9.949607 51104050392 
9:9498619110.0501381 
9:9501162110.0498338 
99503705 —— 
9e9 $00240Þ 93 
949503791 — 8805 
722873 
9.913876 — — | 
99516415 to. 483581 
9-95 18961110.048 1035 
9:9521503þt0.047845H 
9495 24245110-0475 35 
9.952658 7$10.047 3413 
9.9529 1251100470872 
9:95 3167c10.046833c 
9953421 1þ10.0465785 
94353675 2þr0.0463246 
9.953929 $40.0460707 
9.95418 340.0458 16 
9:9544374P0-045 5626 


Tang. 


A2. 


Tang. Secant. 
9946808, dre [1001255435h1 10-1707 354030 


[191267776 


to. 1 288126 to. 74029 


— TT] ” 
Tangents,. and Secants. 


41 Degrees, 


101276 TILLIT, , 
10.127670. 1784 50e 
10.125879 0. 179 30740 
10.129910. 178164526 
10.1261035]10.1750225]25 


10,12621 56100177 02144 
10.1 2632781101177737g123 
19.1264401110.177595 812 
10. 126542410. 7745371 
10.126664 . 


10.177 1698 
10.126 48.177027 
— 10.176887 
10.1271151110-1767445 : 
10. 127227800. 1766029 ft 5 
10. 127340010. 176461444 
+ [1012745 34110-1763 200 
I10.1275667 10.176178 
10276790. 176037. 
101277924 10.178953 


18.127905 75/5 


10. 12801 8.175614 | JF 
10.1281 310100175473 
10.128 245 10.175332. 


101283536 10.175191 
10.12847 2111817505 1of af 
10.1235 $5 IO1749104] 3 
10.128699 101747695 


t0.123926 01744591] © 


© off | [Secant, 


— 


— om 2 


. 
1 

1 
is 
, 
TI 


WE 
(4, 
: 1 
al 
y, 
. 
1 41 
oY 
TH 


* 5 
* — 3 — 
—_— + 


a 


KK. a= 
eds. ao a. A 
Bo „„ — 


N ne Sn — 
— i 4 jg > — - = 


4 Table of Artificial Sinet, 


— —— — — — 


| 42 Degrees. 


Sine, 
Jp 4255104011973 


1 182565 12.8 709 597 
9.82579 135708458 


Tang. Secant. 


9:9 5$44374[10.04 Ga TAIL 101744891 dc 
9.95469 1 010.4505 [10,1 290403]19174343b}s 
554945 0. 0458645 104129154; 10,174 2087]; 
$955 1995[15-044800] [10.1 292681] 104174068657 
949554535110-0445465] [10.1 2938 21[10417 39285150 
9-95570751100442925] [10.1 29496111917 37886]; 
2:9559615|ro0440385] [ror 2g610;[10+1736488]; 
9:9562154[10.0437846 _ [017350953 
9:9564694110.0435 306] [10.1 298389119417 3369J5: 
9:9567233110.0432767] [10.1 2995 3c 12417 32297] 
9.956977 2110.0430228] Ni. 1 3006740 81729470 
9.957231 110.4778890. 13018 t. 1729 50% 
9.95748 510. 0425 150 [10,.1302963] (0-17 28 113⁰ 
9.9577 38910. 04226 1.10. 13041050. 17267. 
9:9579927110-042007 3 [10.1305 25 eto. 17253 29,6 
9532465110-0417535][19.130640 31723937145 
958 500. oꝗ 1499010. 130755 1110-17 22547144 
9.958754 210.0412458 (0. 1308699110. 172115753 
9.-95g0080110.0409920] 10. 1 309845]10-17 19769142 
9:9592618]10.0407382] |10.1310995]10-171838 141 
9.9595155110.0404845] [10.1312145]10+17 169944: 
9.959769 3[10-0402307] [10.131330c[10+1715607135 
g9.960023910.0399779 [10.13 1445 240. 171422430 
9. 960276710. 0397233J [100131 $504 1001712837137 
«96045 305/10. 0394695 [10.1316745110017 11453] 
960784 210.0392158] [10.131 791 2110-17 1007935 
9961037 8010038962110. 13 199661041 7086883 
5612913 14154 10.1 32022100. 1707 304133 
1041321 37911041 7059251} 
10,0 382014] [10.132865 34/1011 7045493) 


1041323691 10,1703167 
Tang, 


Secant, |» 
47 Degrees, 


519432621 14]3+$705939 
9.32635 126.9753898 
7Þ-$26491 9.8702756 
0.8 266307[3-$701613 
. 8 267703]9+570047 
9.826909 89.869932 
11 9.27585 98698182 
12%. 8271887. 8697037 
13.82732796·8695 891 
14.827467 15.869474 
15.8 276063. 8693597 
16]9.8 27745 319+369 2449 
[ 5.828643 98691301 
18 9.8 280231 9.86 0152 
19.8 28 16199. 868 9002 
5.328 3009-858781 
21.828439 30, 86867 
220.8 28 5778. 868554 
239.8287 163.868439 
2419.3 288 547.8683242 
159.8289930. 868 2088 
2809.3 29131 219.868093 
"7 9.8 292694. 8679779 
2809.8 29497 5]g4$57 5623 
25 82533“ 9.967746 
30 9.8 49 33 9.867 5305 


| Sine, 


M] Sine. 
10829683 P7856 


3 319-8 zoo Ge. 867 2533 
34194830234 2133671672 


30h. 30509 
37 47 8 
3d[2+3307 

35]9+5 3092 
0.83105 


88705 14. 


470871155 


1 
468322883 
505.8324246 
515.8325609 96365 184 
«219-83 26970 9.8650677 
$3]9+3328331/965364950 


545.8 32969 11965643331] | 


55]+3331050[913647 156] [9490535393] 0% 
114750 645981] [649686427] 1000313573 


Sine. 


Tangente, and Secants, 


42 Degrees. 


— 


9.903 
7963 


949640811 
9+964 3346 
9.964588 
6635 34 9:9648416 
59 191955095) 
3 94905 345 

9.965604 
229658555 
661085 


ang. 
9496405 45 
2+9623061 
969625597 


9.9628 133 
9.530865 


9:903 3404 


; 


g:g688Bg6cfto1031104c 
9.989 t4g 11010308507 
p-g6g40 2631010305974 
99696555] 2230344 


10.0379474 
1640 3705 3y 
10640374403 
10.037180, 
10.036933 I 
10,03007g6 
10.0364 200 
10.03617235 
100.9359185 
10.356654 


74 
275 


10.1325 167 0. 16990 3½) 


Tang. 


47 Degrees. 


Qqq 3 


Secant, 


104132369 1[1c0170316)[lf 
10.1 3248 45[1ct 7017 Bh[4f] 


10.132600. 17004110 


10. 13283270. 1697638175 
— 01696283 2 
10. 1330649 ʃ10. 1894905 
10.133218 11110.1693530ʃ23 
10.1332974ʃ10. 1692163042 
100 334137Jt0. 169079 1041 
10.1335 301]0.168g4 2c|2 
10.1 336466 r 
10.1337631 10.168686 
10.13 3879510.1685312 


1 [10.1339964110-163 3944 
10.1341 132 10. 1682577 


10. 1342300010. 168 1211 


10. 1343469 ——— 
10.1 344635119-1673481 


: 
1041345808 St 
10. 1346979 10.1675754 . 
3 


10,134315 111041674391 
10. 1349323 f˖0. 167 3030 
10.167 166g 
10,1670 309 
180.1668950 


10.166759 
10.166623 
10. 1664878 
1041663522 
10.166216 


10.1 350496 
10.135 166g 
10.135284. 
10.134015 
10.135319 
10135037 


10.135754 
10.136745 


I 
© 
Secant. [MI 


— —_— 


*. e 


A Table of Artificial Sines, 


43 Degrees. 


Au Sine. 
| 506-3337833 
155.8339188 
8340541 
2.834189 
419-334324 
565.8344597 
534594 
h- 8347297. 8633011 
8.8 3486469. 8631825 
| $Þ+5349994Þ-3530644 
10 98351341 9.362946 
115.835 2688. 8628 274 
125.8354033. 862708 
135.8355378. 862590 
145.8 356722 .8624714 
15. 8 35 8066. 86235 26 
Fart 16.8 359408. 8622338 
Nek! 17.8 F %%. 8621148 
8 18 9.836209 ip. 86 1995 
N 19.836343 ip. 861876 
70 20.836477 0.861750 
Ip. S 366109. 61638; 
2 9.336744 5.8615 190 
13 5.836878. 8612857 
249.8370121. 86 1280 
29 9.837 145694861160 
20.537279 ip. 8610412 
5.837412 * 
2 2.837545 8þ 860801 
29.8 37679 . 86068 21 


20.8 2282.885822 
Sine. 


8641275 
+86400g96 
8638917 
83773 
86365 5 
+9635 37 


834194 


%.1 
* 
E a 


s | 


9.96965 59100303441 


9-9699091119.0300g05 
9.5701624110.0298376 
9e9704157110-0295043 
9-970668g]10.0293311 
2.9709221110-.0290775G 


9-97 11754 109.0288 246 
9.971428010. 5285714 
9.97168 180.0283182 
971935 10.028065c 
9.972188 210.0278118 


«9724413]17-02755857 
9.972694 50. 0273055 
9. 972947710. 02705 23 
9. 973200810. 0267992 
9497 345 39110-0265 461 
9-97 37071110.026292 
9.973960 — 
29742133]10.0257567 
9.974466 — d > 
9+9747 1951100252505 


$97497 20[10-025027 
2:975225711005247743 
9997 547 188348683 
9. 975731800. 024268 
297598459]10-2240151 
9. 9762379ʃ10.0237621 
9976490910. 0235091 
9:97 67440110.0232560 
9:9769970,10.0230030 
9:97 72550]10,0227500 


Tang. 


— 


10.135990. 10.1667 15% 39 


10. 1375280010. 164327 86 


[10.137766210.1642592]4 


| 10.138361 135.1632891 3 


Secant.| - 
JJ 88216 


— 


10. 136108310. 1659455/j;8 
10. 136226310. 1658 1005) 


110. 136344310. 16567 54/56 


10.1364624ʃ10. 165540 
10.1365 800010. 165405 5• 


10. 136698910. 16527063 


10.1368 170.165 135452 
10. 136935 0. 165000051 
10. 13705400. 164865950 
10. 1371720010. 16473129 
10. 13729 12.0. 16459678 
15. 1374098010. 164462217 


10.1376474[10.1641934[15 


10.137885 2110016392593 
10.138004 210. 163790942 
10. 138123300. 163656941 
10.138 2424110.1635 229140] 


0.13848 1010. 16325530 

10.138600 Ito. 1631210037 
10.138818) — 36 
10.1388 392ʃ10. 1628 544035 


lic. 1050. 1627209 


10.139075 fl 10. 162587553 
10.139198 ¹⁰ (162454 


10.1393179010. 162321031 


46 Degrees. 


104139437 $10.162187830 
Secant, 


Tangente, and Secants, 


43 Degrees. 


Sine. 

9.83781 225.8605622 
9.8 9.8604423 
5.838578 •8 8603223 
THE 58502022 
0.835344 1h. 8600821 

33647695 9.8599619 
P. 83860 eh. 8598416 
838874758 98597213 
953887475. 8596009 
0.839007 2þ.8594804 
9-5 391398593599 
$119.33927159]9.8392393 
$29.$394041[9.8591186 
| THIS oy 2975 
$419+3396684[9.85 88770 
228850. 9.858761 
5.89972 235.8 5 $635 1 
5 8488842 I 8785141 
984019599 .858392 
P. 8403270. 8582718 
9:3404593þ-8581505|[9 
9.84n5508þ.85 5025 
5 80547 9579078 
5.84098 30. 5 57664 
841116 5.857743 
12474. 857421 
Air 55 357299 
* 5 $7177 


9.041771 9.8569 341 


9-97 7 2500 


949775030 
3-97 77560 


10.0227 50 
10.022497C 
10.022244c 
10.021991 
10.0217380 
10.0214551 


10.0212321 
10.0209791 
9497927 35110.0207 262 
949795 265110.0204732 
2:9797797[9-0202293 
29850326 10.019967, 
980285610.0199 144 
«9805 355[10.0194615 
9:9807914110.0192086 
9:98 10443]10.0139557 
«9812972[t0.018 702 
9881 50110. 0184499 


— 


—— —ů— 


110.0179441 
LE 


9983320 10016875 
25255 100184270 
85778575 705 100161741 
«9840789]10.0159213 
2557 10015688) 
9.98 4 lOOIS4150 
«984837 21100151628 


e 


Secant. 


10.1394378 


10.1397577 
190.1396777 
10. 1397978 
10. 1399179 
10.140038 
10.1401584 
10. 1402787 
10. 1403991 
10.1405 196 
10. 1406401 
8 
10.148814 
— 10. 160463 
10. 1411230010. 160331 
1041412439} 191601996 


to-rg1 3645] 19160067711, 
to. 1414859015993 N 
2 10. 15980411 
to. 141728 211041 5967 24111 
10.141849 511797407 | 
10. 14197080. 1594092 

10. 1420922ʃ10,159277 
10.142213) Ig 7 
10.142335 211015 


10.1621878 


10. 1020547 20 
10.161921 
10. 1617888. 
10. 16165 59. 
10.1615231 


10. 161 3904. 
10. 1612578 
10.161123 
to. 1609926 , 
10. 160860, 


10. 1607281 
10. 16059 591 


[10.1424568]19-15 $8838 


10.14/85 100158752 4 
i 0021195158621 ﬆ| of 
10-1428221]10.158490 

110.1429435 10.258238 


Secant. 


Sine. Tang. 


46 Degrees. 


Table of Artificial Sines, ; 


* 
8 * 


n.. 


44 Degrees. 


— 


P.84177 12.855934 
11.84 190215. 8 568 121 
9.84293 28.8 5669 
98421634. 8565678 
9.84229395˙8 564455 
56.8424 244.8583235 
6.8425 5489. 8 562 00⁰ 
7 5.842865 15·8 560784 

8428154·8559558 

b. 84294566˙8558332 
10]9+84307 5 7]p:5557 106 
116.8432057P˙8 555878 
14.8433 35P·8554650 
12.843465 51548553421 
145843 7953P. 8752192 
15 9.8437250 9.35 $0961 
109-3433 547]-$5497 36 
116.6425777 35˙8 54 
160.848 11 37]945547 266 
195.8442435˙ 554703; 
200.4437 2.44799 
TINA Ai biss 
22.864463 105.5544325 
23 98447601 9.554109 
2409.8 44 oy! 1238875 
24.41.3819 
T c 
475 353814 


29. 
id? 


j 5.83386 
Hi A vi 


Sine, 


* 


499] 


918454045þ155 34909] 5,5174 


Tang. 


5.984837 10.151028 


9.9850goc[I 2.0149 100 
9.985 3428]10.0146572 
985859 10. 0144044 
9. 9858484Jto. 0141510 
9.76101 210.0138988 
9.9863 54010. 0136460 
9. 986506810. 133932 
9.9868 5980.131404 


9.987 1123-0. 0128877 
9.987365 00.012634 
9.9876179 110.0123821 
4H hip 10.012129 
9.9881234ʃ 10.011876 
9.988 376 110.0116239 
9.988628 910.0113711 


9:988891 61000111184 


| 570% 10.010865 


v.9893871[10.01061 2g 
29896298 10210360) 
p.g89892610010107; 
99561/010097 
999039 110.0096015 
9.9908 500.0093492 
919909035 — 
9.991158 to. 0843 
991610, 6911 
444 n 
5919147] 8 
919921676 — 
ee 


[1041461 381]16:1 $4931 912 


Secant. 
10.143065g]t0.158228; 
10.143 1879010. 158097559 
10.1433 100010. 157967258 
10. 14343240. 1578360 

10.1435 545/10. 1577 Ciße 
10.1436768010.157575 55 
apy (444, 110157445 2154 
10.14 392161104157 314515 
10. 144044210. 157184056 
10. 1441668010. 1570544/5⁵¹ 
10.144289. 10. 1569243560 


10.144412 [100150794305 
10.1444 350[10.1566644]4 
—— 10.1565 345147 
1041447$08[10.1564047146 
10.144903g[10-15627 50145 
10. 1450270 15 870 4 

l0:1451501 1873468“ 43] 
10.14527 34/10-1558861þ 

10.145 3967[10-1557 569141 
10.1455 201[10,1556275 
10,145643619-1554952135 
— 104155 36gc141 
10.14 1890/0. 957 
10.14 144010. 155109036 


c L $484 30114 
18.154744 
19.1949) 1! 
1641 $446681} 1 
Sit f $146 


1651464675 
18.146385 
16.146409 
164146633 
187146 


— 
> 


Seeant. N 


Tangente, and Secants. | 
" 44 Degrees, 


Sine. Tang. Secant. 


84566155. 9.924197. 507 5803] [19-1467579]10-154338 


845790 35311779 9.99267 2410.073250 fo. 1468821010. 15420979 
9-8459185j9.85 29936 5.992925 1010.007079 10. 1470064110. 15408 1 2j2% 


15 -$4617 5418527449] P. 93430 flo. 0065695 10.147255 915382400 


— — 


1 


9.846047 1p. 85 28693] . 9931770 10.00638222 [1914713071015 395 29]27 
9:346303<Þ-53526204] 1p.9936332410.0063 168] [19-147 3794 19:15 36964]25 
34643 15þ.8524959| [5:9939355[10-0065641] [19:1475041[10-15 35632}29 
5.846599 6.8 5237130 [9.99418841c.0058 114] [19:1476289[10.15 344013 
9.8466 79.8 522466 9.5944413ʃ10. 0055587 10.1477534J0 10.153312 
P.8458158P.8721218 9.99469 40 10. 005 3060 [10-14 78 10. 153184221 
W-3469436Þ85 19970] þ.994946410.00505 34] Ito. 4 B00 gef 10. 14308 fee 
4p. 707 14]285187 21] [5.995 1993]t0.co4Mco)] [1014827 got 52928 
4 9347199 1090517471 9.99545 20010. 045480 101452575 10.1 28009 i 
4316-847 3267]7+85 16220] [9.995 7047 100042963 (0.14837 8c010-1526733]17 
$9:3474543]35 14969] [3.995957 31000040447] 10.1483 1010-15 25457]! 
45 2 Ei 9:996210910,0037900| [101486253] 10152415 Yi! 
40%. 847709! ©9119 \B5 12465 19964627[10400 10.1477; 1 14 
i 847838 98511211 833671 — it 10.148070 10.152163 Ffm; 
1 9 15 937] [9:996g680t000303 20] [10:1490043]171520363It2 
i A" oog. 5087020 [91997 220 100027793 10, 14 129 10,5109 ft 
9.848 2180.807446 [9199747 34/t00025 268 [10.1422 00e 7Lecſte 
i pANiqqe p3306190 99977160] towonnpgol [191493810 I 
144847209. 104933 9.997978 —_— 10,149 061,151 
hi 348729 5.50387 9.99 1115 101769 0.14963 105 zjioty 14011 
44305 1 59.801417 53 318508 1000160 10.149 44h tots 1994 
145490 i 87487/162019. 1428847011147 
* 49979 ß W. IA a 1051 $0916} 18 
116.4487547 1945 639] Posse, 0/0 16.1 1 51% + 
185.5 1424496 play 37 5] 199949471 12:6090508 154335 44% 
9 yi 4100 1 55 c 310000848 10 1e 19971, $054 14 
| p48 (9:9080886 [1612090096 aii 


Secant, |\f 


"I 


"OY 


YZ wo WP 
os 


Sine Tang, 


4.8 Degrees. 


We 


OE + Eon + 11 5 | 
A TABLE of -the e which; ev 
Rhomb (or Point of the e maketh with © 
en a 
TT —— oP 
NORTH, | SOUTH : E 1. NORTH, | $0UTK. 
— — e — „ en 
. of 231 þ 
North by Baſt | South by ZI 11 4 NW. S. 
- — — nas 7 1 ES. | 
. 1 110 352 | 
1 319 41 
NIE. | SE [2 192 30) MAW, - LE 
— ts — 7 — (— — 
i | 
I : 
3 
4 
1 | 5 
1 $ i NAL 
5 
1 N 


Sa 


et 
Is 


1 E. Au. 


